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RESTRICTED 

This manual, together with TM 9-1825A, dated 12 January 1944 and TM 9-1826A, dated 
11 February 1944, supersedes TM 9-1727B, dated 4 January 1943 and TM 9-1732A, dated 
21 September 1942, with the exception of the sections relating to fuel pumps. These sections 
will be superseded by TM 9-1828A when it is published. 

CHAPTER 1 
INTRODUCTION 

1. SCOPE. 

a. The instructions contained in this manual are for the informa- 
tion and guidance of personnel charged with the maintenance and 
repair of Light Tanks M5, M5A1, and M24, and Motor Carriages M8 
and M19. These instructions are supplementary to Field and Tech- 
nical Manuals prepared for the using arms. This manual does not 
contain information which is intended primarily for the using arms, 
since such information is available to Ordnance maintenance person- 
nel in 100-series TM's or FM's. 

b. This manual contains a description of, and procedure for dis- 
assembly, cleaning, inspection, repair and assembly of the engines, 
and of components of the cooling systems and fuel systems. Included 
are the IG series engines used on M5, M5A1, and M8 vehicles, and 
the 3G series used on M19 and M24 vehicles. 

c. TM 9-1729B contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the transmission, 
transfer unit, propeller shafts, controlled differential and final drives 
of Light Tank M24 and Twin 40-mm Gun Motor Carriage M19. 

d. TM 9-1729C contains the same essential information on the 
hull, turret, electrical system and track suspension of the Light Tank 
M24 and Twin 40-mm Gun Motor Carriage M19. 

e. TM 9-1727K contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the hydraulic trav- 
ersing mechanism in these vehicles. 

f. TM 9- 182 5 A contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the electrical com- 
ponents in these vehicles. 

g. TM 9-1826A contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the carburetors for 
these vehicles. 

h. TM 9-1828A contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the fuel pumps for 
these vehicles. 
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INTRODUCTION 

i. TM 9-1829A contains description and procedure for disassem- 
bly, cleaning, inspection, repair and assembly of the speedometers and 
tachometers used in these vehicles. 

2. MODIFICATION WORK ORDER AND MAJOR UNIT ASSEM- 
BLY REPLACEMENT RECORD. 

a. Description. Every vehicle is supplied with a copy of A.G.O. 
Form No. 478, which provides a means of keeping a record of each 
complete modification, or major unit assembly replaced. This form 
includes spaces for the vehicle name and U. S. A. registration number, 
instructions for use, and information pertinent to the work accom- 
plished. It is very important that the form be used as directed, and 
that it remain with the vehicle until the vehicle is removed from 
service. 

b. Instructions for Use. Personnel performing modifications or 
major unit assembly replacements must record clearly on the form 
a description of the work completed and must initial the form in the 
columns provided. When each modification is completed, record the 
date, hours and/or mileage and MWO number. When unit assem- 
blies such as engines, transmissions, transfer units are replaced, record 
the date, hours and/or mileage and nomenclature of the unit assem- 
bly. Minor repairs and minor parts and accessory replacements need 
not be recorded. 

c. Early Modifications. Upon receipt by a third or fourth 
echelon repair facility of the vehicle for modification or repair, main- 
tenance personnel will record the MWO numbers of modifications 
applied prior to date of A,G.O. Form No. 478. 
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Section I 

ENGINE DESCRIPTION AND DATA 

3. DESCRIPTION. 

a. General. The engines used in these vehicles are gasoline- 
fueled, with spark ignition, and are water-cooled. They have eight 
cylinders in a 90-degree vee, and an L-head valve arrangement with 
manifolds centrally located in the vee. 

b. Serial Numbers. 

( 1 ) M5 AND M8 Engines. These engines have the serial number 
prefix of IG. Right- and left-hand engines are different. The engine 
serial number is stamped on the top flange of the upper flywheel 
housing between the two upper screws. It is also stamped on the 
upper edge of the water jacket on the front or timing case end of 
the left cylinder block. 

(2) M19 AND M24 Engines. The engine serial number prefix 
for these engines is 3G. There is no difference between right- and 
left-hand engines, except the exhaust connection which may be in- 
stalled to suit right- and left-hand installation in vehicles. The serial 
number is stamped on the top flange of the upper flywheel housing 
between the two upper screws. The number is also stamped on a 
machined pad, flush with the top of. the block immediately above the 
water pump. 

c. Points of Reference. 

(1) In making reference to the engines themselves, the timing 
case end of the engine is designated as the "front" end, even though 
it faces the rear of the vehicle, and the flywheel end as the "rear" end, 
the same as in automobile practice. The "right" and "left" sides of 
the engines and Hydra-Matic transmissions are as viewed from the 
flywheel end. 

(2) When considering engines as complete units, however, the 
left-hand engine is the one on the left side of the hull (driver's left), 
and the right-hand engine is on the right side of the hull. 

d. Engine Block. The cylinder block and crankcase assembly 
encloses the working parts of tne engine. It is made of a single 
casting of grey iron, which has cored passages for cooling fluid and 
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MUFFLER EXHAUST PIPES RAPD 331500 
Figure 5 — Engine, 1G Series, Right Front View 

crankcase ventilation, drilled passages for the oiling system, and 
machined surfaces for bearings and for the attachment of parts. The 
cylindei bores are arranged in two banks of four each, 90 degrees 
apart and 45 degrees from the vertical, ground and honed to precise 
limits. On IG series engines, brackets mounted on each side of the 
block provide for the attachment to the engine support mountings on 
the hull floor and walls of the engine compartment. On the 3G 
series engines, two mounting brackets are provided at the timing case 
cover end of the block and two more under the transmission. 

e. Crankshaft and Main Bearings. A forged, heat-treated steel 
crankshaft is mounted in the crankcase and rotates on three steel- 
backed, precision babbitt bearings. These bearings are retained by 
three cast-iron bearing caps attached to the crankcase with special 
alloy steel cap screws and lock washers. End thrust is taken by the 
flanged center main bearing. The crankshaft has four crank pin 
journals, each carrying two opposing connecting rods. The journals 
and rods are balanced by six counterweights, four of which are integral 
with the crankshaft, while the others (Nos. 2 and 5) are attached to 
the crankshaft with special cap screws and locating dowels. 
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Figure 6 — Engine, IG Series, Left Side View 

{. Flywheel. A steel flywheel, 15 inches in diameter, is located on 
the end of the crankshaft by means of two dowels, and is attached by 
six cap screws, except on early IG series engines (up to tank serial 
number 1501 on M8 and 4900 on M5), on which it was attached by 
six studs fitted with nuts and lock washers. A special metal-type 
gasket seals the crankshaft to flywheel junction. A ring gear is shrunk 
and welded on the outside diameter of the flywheel to provide a 
means of cranking the engine with the cranking motor. 

g. Connecting Rods. Eight connecting rods of forged steel are 
mounted on the crankshaft, the rods for the opposite cylinder of the 
right and left banks being mounted on the same journal. The rod 
for the left-hand cylinder is always toward the front of the engine. 
The lower or larger end of each connecting rod is split crosswise at 
an angle to permit removal of the rod and piston assembly from the 
top of the engine. The connecting rod cap is attached to the rod by 
a long and a short cap screw. These cap screws and the lock washers 
used under them are of special alloy steels. Split, shell-type, steel- 
backed babbitt bearings are used in the connecting rod and cap. 
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Figure 7 — Engine, 3G Series, Right Front View 

These bearings are positioned by tabs on the shells which fit in slots 
in the rod and cap. Upper and lower bearing halves are not inter- 
changeable because of oilholes in the upper bearing. The upper end 
of the connecting rod is drilled for piston pin lubrication. The pin is 
carried in a bronze bushing which is pressed into the rod and machined 
to exact size after installation. • 

h. Pistons. The pistons are aluminum alloy castings, machined 
and ground on the outside surfaces, and anodized after grinding to 
provide a hard aluminum-oxide wearing surface. In design, the piston 
skirts are slightly elliptical and tapered, having a T-slot on one side 
and a horizontal slot on the other. These features permit the piston 
to conform closely to the cylinder walls when heated to operating 
temperatures. The piston pins are made of alloy steel carefully 
ground to size. They float in the connecting rod bushing and in 
bosses in the pistons, being held in place by snap rings. Three piston 
rings are used, located above the piston pin. The two upper rings 
are compression rings to prevent exhaust gases or fuel vapors from 
seeping down into the crankcase. The third ring is an oil ring which 
controls the amount of oil that is left on the cylinder walls. 
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Figure 8 — Engine Front Cross Section, 3G Series 
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i. Cylinder Heads. A cylinder head of cast-iron is mounted on 
each bank of cylinders by means of 21 cap screws. The head covers 
the cylinders and forms the tops of the combustion chambers. A 
terneplate-asbestos gasket between cylinder block and head prevents 
water or compression leakage. 

j. Camshaft. The camshaft is a solid alloy cast-iron shaft 
mounted in the engine block directly above the crankshaft, and sup- 
ported by three steel-backed babbitt bushings which are pressed into 
the crankcase bulkheads. Integral with the camshaft are 16 cam 
lobes which operate the engine valves through the hydraulic valve 
lifters. On IG series, the front end of the crankshaft carries an 
eccentric that drives the fuel pump. On the 3G series, this eccentric 
is used, but as a spacer only. 

k. Timing Chain and Sprockets. The camshaft is driven at 
one-half crankshaft speed by a link-belt timing chain operated by 
gear-type sprockets on the front end of the crankshaft and camshaft. 
These sprockets are a hand-push fit on the shaft to which they are 
keyed. The sprockets are marked to assure correct timing when 
installed. The timing chain and sprockets are enclosed by a cast-iron 
timing case cover which is mounted on the front of the crankcase with 
two dowels and nine mounting screws, and is sealed to the oil pan 
with three cap screws. 

1. Valves and Valve Lifters. 

(1) The valves are forgings of special alloy steel, opening and 
closing against valve seats machined in the cylinder block. One in- 
take and one exhaust valve per cylinder are used. Valves slide up 
and down in lubricated cast iron valve guides which are pressed into 
the cylinder block. 

(2) Valve lifters transmit the lifting action of the cams to the 
valve stems through a hydraulic mechanism in which spring and oil 
pressure act to keep the lifter plungers expanded, maintaining zero 
clearance between stem and lifter to provide quiet and efficient valve 
action. 

(3) The 16 valve lifters are mounted four each in four brackets 
bolted to the engine block. Oil is fed to them through an external 
pipe from the oil header on the left side of the crankcase. 

m. Manifolds. 

( 1 ) The dual intake manifold is in reality two separate manifold 
passages made up in a single casting. Each passage delivers the fuel 
mixture to the two center cylinders on one side, and two end cylinders 
on the opposite side to assure uniform delivery of fuel and air to 
all cylinders. 
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RA PD 331502 

Figure 10 — Engine Lubrication System, JG Series 

(2) Two exhaust manifolds are used, clamped to the top of each 
bank of cylinders. On IG series, they are connected by a cross-over 
pipe at the rear. On 3G series, they are connected by a cross-over 
pipe at the front. This cross-over pipe can be installed with the ex- 
haust outlet flange either to the right or left, as required by right-hand 
or left-hand engine installations in the vehicles with 3G series engines. 

n. Engine Oiling System. 

( 1 ) A sheet metal pan is attached to the lower surface of the 
crankcase to serve as an oil reservoir. Baffles to prevent excessive oil 
surge and foaming are mounted on brackets on the center and rear 
main bearing caps. 

(2) The gear-type oil pump is mounted on the bottom of the 
crankcase at the left of the rear main bearing, and is driven by the 
same vertical shaft that drives the distributor. The oil pressure 
regulator is built into the pump housing. 

(3) The pump draws oil from the oil pan through a screened 
floating intake, and forces it through a drilled passage to the main 
oil header which is drilled lengthwise along the left side of the crank- 
case (fig. 10). From this header, other drilled passages branch 
through the bearing support bulkheads to the three main and three 
camshaft bearings. 
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Figure II — Ignition Units, IG Series Engine 



(4) Oil from the main bearings passes through drilled passages 
in the crankshaft to the connecting rod bearings, from which part of 
the oil flows up through drilled passages in the rods to lubricate the 
piston pins, and some passes through metering holes in the large ends 
of the rods to lubricate the cylinder bores. 

(5 ) Oil is carried from the rear camshaft bearing to the distributor 
and oil pump drive shaft gears, and from the front camshaft bearing 
to the timing chain. Oil passes through an external pipe from the 
main oil header to the four sets of hydraulic valve lifters. The oil 
pressure switch is located on the top rear of the block just in back of 
the vee; except on early IG series engines, on which it was at the 
front end of the main oil header. 

o. Oil Filters. Each engine is equipped with an oil filter in a 
bracket attached to the front of the engine. Oil enters the filter 
through a pipe connected to the main oil header at the front of the 
engirie block. After the oil passes through the filter, it is returned to 
the engine through another pipe connected to the engine front cover. 

p. Crankcase Ventilators. The crankcase ventilating system 
provides a positive air circulation whenever the engine is running. On 
the IG series, air is drawn into the crankcase through an oil bath air 
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Figure 12 — Ignition Units, 3G Series Engine 



cleaner and the air circulates through the crankcase and passes out 
through baffled openings in the valve covers, carrying contaminated 
vapors with it. It is then drawn through passageways leading to the 
upper flywheel housing. Fins on the flywheel draw the air from these 
passageways and force it through openings in the flywheel housing 
lower pan. On 3G engines, the air is drawn through the oil bath air 
cleaner, circulating through the crankcase and is then drawn out of 
the crankcase by manifold vacuum. It then passes through the intake 
manifold and out through the exhaust system. 

q. Drive Belts. 

(1) IG Series. A double pulley mounted on the front of the 
camshaft drives two V-belts on IG series. The inner belt drives the 
water pump and generator; the outer belt drives the fan. Adjustable 
brackets on the front and top of the timing case provide for mounting 
the fan and generator, respectively, and permit belt adjustments. 

(2) 3G Series. A triple-grooved pulley, mounted on the front 
of the crankshaft, carries three V-belts which drive the water pump 
and generator on the 3G series. A bracket on the engine front cover 
provides for mounting the generator and a movable cradle assembly 
permits belt adjustment. These belts also drive the fan at the rear 
of the engine through a drive line fitted with two double universal 
joints. The fan drive shaft (mounted on sealed bearings under the 
intake manifold) is connected to the inner end of the generator shaft 
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by a universal joint shaft. The second universal joint shaft connects 
the fan shaft to the fan drive shaft. 

r. Ignition System. 

(1) IG Series (fig. 11). Each ignition system consists of an 
ignition coil mounted on the engine compartment side of the bulk- 
head; a timer, located inside the distributor housing, which interrupts 
the low-tension (■12-volt) current from the battery; a condenser, also 
located in the distributor housing, which — acting with the timer — 
produces a high-tension voltage in the secondary circuit of the coil; a 
distributor which directs the high voltage to each of the spark plugs 
in turn; the spark plugs themselves which ignite the fuel mixture; the 
resistors and filters which minimize electrical interference with the 
radio equipment; and the necessary wiring to connect these items. 

(2) 3G Series (fig. 12). Each ignition system consists of a 
24-volt ignition coil mounted on a bracket on the left rear corner of 
the engine; a timer inside the distributor housing; a condenser, also 
located inside the distributor housing; a distributor which directs the 
high voltage to each of the spark plugs; the spark plugs themselves, 
and the necessary wiring to connect these units. 

8. Engine Cylinder Numbering, The order in which the cylin- 
ders fire is 1, 8, 7, 3, 6, 5, 4, 2, based upon the cylinder numbering. 
The left front cylinder is numbered "1," and the left bank of cylinders 
carry odd numbers, while the right front cylinder is numbered "2," 
and the right bank of cylinders carry even numbers (fig. 13). 

4. DATA. 

a. These specifications are given for one engine only and apply to 
either right- or left-hand engine, unless otherwise noted: 



b. General. 

Bore and stroke 3 V2 x 4 Vz in. 

Compression pressure: 
(lb per sq in.) 

At cranking speed 116-121 

At 1,000 rpm 172 

Compression ratio 7.06 to 1 

Cylinder arrangement 90 deg V-8 

Cylinder head material cast-iron 

Engines, number 2 

Engine make Cadillac 

Engine supports — - 

Number IG Series 3 

Number 3G Series 4 
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Firing order 1, 8, 7, 3, 6, 5, 4, 2 

Horse power (net installed) at 3400 rpm 110 

Piston displacement 346 cu in. 

Valve arrangement L-head 

Weight of engine with accessories — 

IG Series 1,300 lb 

3G Series 1,385 lb 

c. Piston and Piston Rings. 

Piston: 

Diameter, standard 3.4966 to 3.4986 in. 

Diameter, 0.020-in. oversize 3.5166 to 3.5186 in. 

Diameter, 0.040-in, oversize 3.5366 to 3.5386 in. 

Length 4Vi in. 

Material (aluminum alloy) Anodized finish 

Type T-slot 

Weight (w/o rings, pin or locking rings) 1.151 lb 

Weight (w/rings, pin and locking rings) 1.54016 lb 

Rings: 

Compression, number per piston . . 2 

Compression, width, top ring %4 in. 

Compression, width, bottom ring %4 in- 

Oil, number per piston 1 

Oil, width %G in- 

d. Connecting Rods, Piston Pins. 

Connecting rods; 

Bearing material Steel-backed alloy (Moraine) 

Bearing type Shell 

Length — center to center 8% in. 

Weight (with bushing, less shells) 2.2 18 lb 

Crankshaft journal diameter and length 2.460x2^2 in. 

Piston pin: 

Diameter % in. 

Hole finish (Diamond bore in rod, 

bearingized in piston) 

Length 3 1'[ in. 

Type Floating 

e. Crankshaft. 

Counterweights, number 6 

End thrust, taken by Center main bearing 
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Main bearings — 

Journal dimensions, diameter and length; 

No. 1 2.4590 X iKo in. 

No. 2 2.4590 X 1%., in. 

No. 3 2.4590 X 1^142 in. 

Material Steel-backed babbitt 

Type Shell 

f. Timing Chain. 

Adj ustment None 

Length (opened) 23 in. 

Links, number 62 

Make r Link Belt 

Model Type No. 3736TC-15 

Pitch % in. 

Width IVtt in. side guide 

g. Valves. 

Head diameter, exhaust 1.626-1.636 in. 

Head diameter, intake 1.876-1.886 in. 

Lift, exhaust' 0.345 in. 

Lift, intake 0.335 in, . 

Seat angle, exhaust and intake 45 deg 

Stem diameter, exhaust 0.3405-0.3415 in. 

Stem diameter, intake 0.3415-0.3425 in. 

Stem length, exhaust and intake 5"% 4 in. 

Timing: 

Intake opens T.D.C. 

Intake closes 42 deg A.B.C. 

Exhaust opens 52 deg B.B.C. 

Exhaust closes 10 deg A.T.C. 

h. Lubrication. 

Camshaft bearing Pressure 

Capacity of oil reservoir 8 qt 

Connecting rod bearings Pressure 

Crankcase ventilation Forced circulation 

Main bearings Pressure 

Oil pressure, at idle 15 lb min 

Oil pressure at which relief valve opens 30 lb min 

Oil pump, type Helical gear 

Oil reservoir gage, type Dip stick 

Piston pins Pressure 
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System, type Pressure 

Timing sprockets Positive 

Type of oil drain Threaded plug 

Valves Splash 

i. Ignition. 
Coil: 

Amperage draw (at idle) IVa amp 

Make Delco 

Type No., IG Series DR-1 115079 

Type No., 3G Series DR-1 115281 

Voltage 24 

Condenser (distributor): 

Capacity 0.18-0.23 mfd 

Make Delco-Remy 

Type No DR-1900272 

Distributor: 

Automatic advance 22 deg 

Contact point gap 0.013 to 0.018 in. 

Contact spring tension 19 to 23 oz 

Dwell angle 31 deg 

Direction of rotation (from top) Clockwise 

Make: Delco-Remy 

Type No., IG Series DR-1 110609, 10, or 11 

Type No., 3G Series DR-1 110611 

Timing adjustment Rotate on mounting 

Vacuum advance None 

Spark plugs: 

Gap 0.028 to 0.033 in. 

Heat range Middle range 

Make A.C. 

Number used 8 per engine 

Thread 10-mm 

Model 104 

Switch, ignition: 

Make Delco-Remy 

Number used 2 

Type No DR-1997756 

Timing: 

Location, 3G Series Flywheel cover and 

crankshaft pulley 

Location, IG Series Flywheel cover 

Mark IG-A 

Mark calibration 9 degrees ahead of TDC 
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Section II 
DISASSEMBLY OF ENGINE 

5. PRELIMINARY INSTRUCTIONS. 

a. Mount Engine on Stand. Install engine on a suitable rotating 
engine mounting stand (fig. 14). 

b. Remove Accessories. Remove the following engine acces- 
sories: carburetor, oil filter assembly, generator, distributor, coil, spark 




RA PD 887B 

Figure ?4 — IG Series Bngine in Stand 
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Figure IS — Transmission Drains 



plugs and connecting wires, and cranking motor (TM 9-729 for light 
tank, M24; TM 9-757 for 40-mm gun motor carriage, M19; TM 9-732 
for light tanks, M5, M5A1; TM 9-732B for 75-mm howitzer motor 
carriage, M8). 

c. Clean Exterior of Engine. Plug all openings to interior of 
engine and remove all dirt and grease with dry-cleaning solvent or 
steam-cleaning equipment. CAUTION: Do not permit sotvent or 
steam to get into sealed ball bearings in water pump or fan drive shaft. 

6. DISASSEMBLY, 
a. Procedure. 

( 1 ) Drain Oil from Crankcase. Remove drain plug from bot- 
tom of oil pan, and drain oil. Install and tighten drain plug. 

(2) Drain Oil from Fluid Coupling and Transmission. Re- 
move six cap screws and lock washers holding lower flywheel housing 
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to upper flywheel housing and remove. Rotate flywheel by installing 
a 1-inch socket wrench on crankshaft pulley mounting screw, and 
turning crankshaft until flywheel drain plug is toward bottom of en- 
gine (fig. 15). Remove drain plug and allow oil to drain. Install and 
tighten plug. Remove transmission oil pan drain plug (fig. 15) and 
allow oil to drain completely. Install and tighten drain plug. 

(3) Remove Transmission. Disconnect right and left oil cooler 
lines at transmission oil pan fittings, at engine block and at water 
pump ( IG series) and remove lines. Loosen hose clamp on hose 
connecting transmission and engine oil filler tubes at transmission 
filler (3G series). Remove screw and washer holding filler tube to 
transmission case, remove nut and washer holding tube to rear mani- 
fold stud, and slide tube from case. Disconnect vacuum line at fitting 
on intake manifold, and elbow on transmission case (fig. 16) and re- 
move line (3G series). Disconnect throttle rod from throttle valve 
lever on transmission and from relay on upper flywheel housing 
(IG series). Remove cotter pin holding relay to flywheel housing, 
and slide relay off stud (IG series). Disconnect warning signal 
switch wire at switch on transmission, and pull conduit out of clip on 
side cover. Install lifting eye (41-B-1586-300) in top of transmission 
case. Connect hoist to eye, and take up weight of transmission 
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RAPD 331504 



Figure 17 — Removing Transmission, IG Series 
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Figure 18 — Removing Water Pump, ?G Series 
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MANIFOLD MANIFOLD 




Figure 19 t- Removing Exhausf Manifold, 3G Series 



(fig. 17). Remove 30 screws holding flywheel cover to flywheel. 
Remove six screws holding upper flywheel housing to crankcase and 
place engine conduit out of the way. Pull transmission back to slide 
flywheel housing off dowel pins in crankcase, and mainshaft pilot out 
of bearing in end of crankshaft, and remove transmission. 

(4) Remove Engine Oil Pressure Warning Signal Switch. 
Remove oil pressure warning signal switch by unscrewing switch from 
fitting at rear of engine vee. 

(5) Remove Muffler and Exhaust Pipes (1G Series Only). 
Remove shield from muffler by taking out two mounting screws and 
lock washers (fig. 5). Remove four nuts and screws holding muffler 
inlet pipe to exhaust manifold flange. Remove four nuts holding 
muffler supjjort brackets to studs on crankcase. Lift mufifler and 
pipe assembly from engine. 

(6) Remove Water Pump. Disconnect water pump by-pass 
hose from left cylinder outlet elbow and water pump (IG series). 
Disconnect water pump inlet tube hose at bottom of water pump, 
remove nut and bolt holding tube to crankcase separator plate, and 
remove tube (3G series). Remove five water pump mounting screws 
(fig. 18). Remove water pump and gasket. 
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UNIVERSAL JOINT VENTILATOR CONDUITS RAPD 331366 

Figure 20 — Removing Intake Manifold, 3G Series 

(7) Remove Exhaust Manifold. Remove two nuts and wash- 
ers holding engine crankcase air cleaner to intake manifold; loosen 
lower hose clamp and remove air cleaner assembly (3G series). Re- 
move four screws holding exhaust connection to left and right exhaust 
manifold (3G series). Lift up connection and discard gaskets. 
NOTE: IG series connection was removed when spark plugwire 
supports were taken off in paragraph 5 b. Remove nuts and clamps 
holding exhaust manifolds to cylinder block (fig. 19). Remove 
manifolds. 

(8) Remove Intake Manifold. On 3G series, bend back lock 
plates for screws holding fan shaft universal yoke to front end of 
intake manifold. Remove four screws and remove generator drive 
flange, shaft and yoke. Bend back lock plates for screws holding fan 
shaft universal yoke to rear end of intake manifold. Remove four 
screws and remove rear yoke and shaft. On all series, remove four 
screws holding intake manifold to crankcase (fig. 20). Remove in- 
take manifold and exhaust manifold gaskets. 

(9) Remove Distributor Support. Disconnect carburetor 
throttle rod at distributor support, and disconnect throttle rod at outer 
end of relay on distributor support (IG series). Remove two screws 
holding distributor support to crankcase and remove distributor 
support. 
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RAPD 331506 

Figure 21 — Removing Fuel Pump, IG Series 



(10) Remove Fuel Pump (1G Series). Remove two screws 
holding fuel pump to left side of engine front cover while supporting 
fuel pump (fig. 21). Remove fuel pump and gasket. 

(11) Remove Cylinder Heads. Remove two screws holding 
each water outlet elbow to cylinder head. NOTE: The water outlet 
elbows are on the front oi the cylinder heads on IG engines and at 
the rear of the cylinder head on 3G engines. Remove two screws 
holding starter solenoid relay guard to right cylinder head and remove 
guard (early IG series only). Remove four screws holding engine 
lifting rings to cylinder head (3G series). Remove remaining cylinder 
head screws and remove cylinder head and gasket. CAUTION: Sup- 
port cylinder head while removing last screw to prevent head from 
sliding down and damaging valves. 

( 12 ) Remove Valve Compartment Covers. Remove two screws 
holding front and rear crankcase ventilating tubes to valve compart- 
ment covers and remove tubes and gaskets (3G series). Remove two 
screws holding crankcase ventilator conduit to valve compartment 
covers, and remove conduit and gaskets (IG series). Remove 16 
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Figure 22 — Removing Valve Compartment Covers (IG shown) 




Figure 23 — Valve Compartment and Oil Lines 
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Figure 24 — Removing Valve Lifter Guide Assemblies 

screws holding valve compartment covers to cylinder and crankcase 
(fig. 22). Remove valve compartment covers and valve compartment 
cover gaskets. 

(13) Remove Valve Lifter Guide Assemblies. Disconnect oil 
lines from lifter guide assemblies and elbows on center bulkhead and 
remove lines (fig. 23). Remove four screws holding valve compart- 
ment baffles to valve lifter guide assemblies and remove baffles. 
Straighten each end of the four valve lifter guide assembly lock 
plates. Remove eight screws holding valve lifter guide assemblies 
to crankcase (fig. 23). Pry valve lifter guide assemblies out from 
under valve stems and remove assemblies (fig. 24). CAUTION: Do 
not turn assemblies upside down, or plunger assemblies will fall out. 

(14) Remove Valves. Place wire mesh screen in valve com- 
partment below ends of valve stems to prevent dirt or valve parts 
from falling into engine. Insert valve remover adapter in hollow end 
of valve lifter (41-L-1425). Install valve replacer on valve. Ad- 
justable pointed end of tool fits in center hole on valve head, and 
hollow end of valve lifter fits around lower end of valve stem (fig. 25). 
Compress valve spring by rotating handle of lifter. Lock valve lifter 
with valve spring in compressed position by tightening tool handle 
lock nut. Insert a screwdriver through slot in hollow end of valve 
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CRANKSHAFT PULLEY RAPD 331544 
Figure 26 — Removing Crankshaft Pulley, 3G Series 
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CRANKSHAFT RAPD 331509 



Figure 27 — Hemoving Engine Front Cover 
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CRANKSHAFT RAPD 331510 
Figure 28 — Removing Fuel Pump Eccentric Spacer 
31 



TM 9-1729A 
6 



ORDNANCE MAINTENANCE - LIGHT TANKS HS, MSAt, AND H24, 75 HH HOWITZEI HOTOI CARRIAGE 
MS, AND TWIN 40-MM GUN MOTOR CARRIAGE M19: ENGINES, COOLING SYSTEMS AND FUE SYSTEMS 




Figure 29 — Removing Timing Chain and Sprockets 

lifter, and knock valve locks off valve stem. Loosen lifter handle lock 
nut and release valve spring. Hold lifter underneath valve, and 
grasp valve spring and seats. Remove lifter, valve locks, spring and 
seats from engine as a unit. NOTE: Hold lifter in an upright posi- 
tion while removing to avoid dropping valve locks into engine. Re- 
move valve locks from lifter. Repeat this of>eration for each of the 
other 15 valves. Remove all valves, and place in a rack so that they 
may be reinstalled in the same valve guides. NOTE: The special 
valve lifter (41-L-1425) has been superseded by lifter (41-L-1408), 
from third echelon tool-set No. 1, which may be used for this oper- 
ation. 

(15) Remove Fan and Water Pump Drive Belt Pulley. 
Remove screw, lock washer and plain washer holding fan and water 
pump drive pulleys to front end of crankshaft. Grasp pulley on op- 
posite sides with both hands and pull both pulleys as an assembly off 
front end of crankshaft (IG series). NOTE: On 3G series, it will 
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RAPD 331512 



Figure 30 — Removing Idler Gear 

be necessary to use puller (41-P-2912) to remove pulley trotn shaft 
(fig. 26). 

(16) Remove Engine Front Cover. Remove nine screws hold- 
ing engine front cover to crankcase and three screws holding oil pan 
to cover (fig. 27). Remove cover and gasket. 

(17) Remove Timing Chain AND Sprockets. Before removing 
chain, check for excessive wear. If slack in chain exceeds % inch 
total motion when pressing on side of chain, chain should be replaced, 
together with camshaft sprocket if sprocket is worn. Remove nut 
which holds fuel pump eccentric and camshaft sprocket on front end 
of camshaft (fig. 28). NOTE: T/ie fuel pump eccentric is used on 
3G engines only as a spacer. Pry fuel pump eccentric off front end 
of camshaft with a screwdriver. Loosen crankshaft and camshaft 
timing chain sprockets on crankshaft and camshaft, then grasp both 
sprockets and pull sprockets and timing chain off front end of crank- 
shaft and camshaft (fig. 29). If a pry bar is used, pressure must not 
be applied to ends of timing chain pins. 

(18) Remove Distributor and Oil Pump Idler Gear. Re- 
move screw holding distributor and oil pump idler gear on idler gear 
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Figure 31 — Removing Oil Pump 

support (fig. 30). Slide idler gear and washer off front end of 
support. 

(19) Remove Camshaft. Remove two screws holding camshaft 
thrust plate to crankcase, and remove plate. Pull camshaft out of 
front end of crankcase, being careful to see that camshaft lobes do 
not damage camshaft bushings. 

(20) Remove Oil Pan. Turn engine upside down in overhaul 
stand, and remove screws holding oil pan to crankcase and rear crank- 
shaft bearing cap. Remove oil pan, and oil pan gasket. 

(21) Remove Oil Pump. Remove two nuts and washers on oil 
pump adapter mounting studs, and remove oil pump and oil pump 
adapter as a unit (fig. 31). 

(22) Remove Oil Pan Baffle. Remove two screws holding 
rear end of oil pan baffle to mounting bracket on rear crankshaft bear- 
ing cap. Remove two screws holding oil pan baffle to mounting 
bracket on center crankshaft cap, and remove oil pan baffle. 
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BRACKET FOR OIL PAN BAFFLE WRENCH (41-W-2598-500) RA PD 344113 



Figure 32 — Removing Connecting Rod Cap Screw 

(23) Remove Connecting Rod and Piston Assemblies. The 
cylinder must be reamed to remove the ridge around the top edge 
of the cylinder bore and facilitate removal of the piston. Cover top 
of piston to prevent cuttings from lodging between piston and cylinder 
wall. Then position ridge reamer (41-R-2275) to avoid cutting below 
top of upper ring position in bore. Adjust cutters for depth to avoid 
cutting more than necessary in order to remove ridge. Repeat this 
operation at each bore. Remove connecting rod bearing cap and 
lower half of connecting rod bearing as a unit. Push connecting rod 
and piston assembly up into cylinder until piston protrudes part way 
from cylinder block. Grasp top of piston and pull piston and rod 
assembly out from top of cylinder block, being very careful not to 
scratch cylinder with connecting rod. Reinstall bearing cap on rod 
and tighten screws finger-tight. Repeat this step for removing the 
other seven connecting rod assemblies. 

(24) Remove Transmission Mainshaft Pilot Bearing. Com- 
press and remove transmission mainshaft pilot bearing lock wire in 
end of crankshaft. Pull bearing out of end of crankshaft. 
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RAPD 331545 



Figure 33 — Removing Center Cranfcshaff Bearing Cap 

(25) Remove Crankshaft Bearing Caps. Remove two screws 
holding front crankshaft bearing cap to crankcase. Remove bearing 
cap and lower half of front crankshaft bearing. Remove two screws 
holding center crankshaft bearing cap to crankcase. Remove oil pan 
baffle front support from center bearing cap. Remove bearing cap 
and lower half of center crankshaft bearing (fig. 33). Remove two 
screws holding rear crankshaft bearing cap to crankcase. Remove oil 
pan baffle support from rear bearing cap. Remove bearing cap and 
lower half of rear crankshaft bearing. NOTE: If bearing cap is 
tight in crankcase, it can be loosened by raising crankshaft and fly- 
wheel assembly evenly. 

(26) Remove Crankshaft and Flywheel Assembly. Lift 
crankshaft and flywheel assembly from crankcase. Remove upper 
crankshaft bearing halves from crankcase. If upper bearing halves 
do not come out of crankcase easily, they may be loosened by tapping 
the edges with a hammer handle. 
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Section III 

DISASSEMBLY, CLEANING, INSPECTION, REPAIR, 
AND ASSEMBLY OF SUBASSEMBLIES 

7. ENGINE BLOCK AND HEADS, 
a. Description. 

( 1 ) Engine Block. The engine cylinder block and crankcase 
assembly is made of a single casting of gray iron, which has cored 
passages for cooling fluid, drilled passages for oil, and machined sur- 
faces for bearings and for the attachment of parts. The cylinder 
bores are arranged in two banks of four each, 90 degrees apart and 
45 degrees from the vertical, and ground and honed to precise limits. 

(2) Cylinder Heads. . The cylinder heads are cast of gray iron 
with cored passages for the cooling liquid and with cored areas for 
the tops of the combustion chambers. 

(3 ) Flywheel Housing. The flywheel housing is an iron casting 
bolted to the rear of the engine and to the front of the transmission. 
It is machined carefully to match the engine block and provide ac- 
curate alinement for the transmission shafts. Because of this match- 
ing, the engine number is stamped on the flywheel housing as well as 
on the engine block. 

h. Disassembly. 

( 1 ) Remove Idler Gear Support from Engine Block. On 
IG series engines, remove cap screw next to distributor support open- 
ing. On 3G series engines, remove oil pressure warning signal unit 
fitting. On all series, remove set screw holding distributor idler gear 
support in crankcase, using ^^^'^ch socket head set screw wrench 
(fig. 34). Tap the inner end of the support with a heavy hammer to 
drive support out of crankcase. 

(2) Cylinder Heads. The cylinder heads are completely dis- 
assembled when removed from the engine. 

(3) Flywheel Housing. The flywheel housing is removed from 
the engine with the transmission (par. 6), and is disassembled from 
the transmission and serviced as explained in TM 9-1729B. 

c. Cleaning. 

( 1 ) Engine Block. Strip off gaskets and sealing compound from 
all machined surfaces. Clean inside and outside of block with steam- 
cleaning equipment or with brush dipped in solvent. Remove access 
plugs and clean all oil passages with steam or with kerosene and com- 
pressed air. 
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Figure 34 — Removing Set Screw For Idler Gear Support 



(2) Cylinder Heads. Scrape carbon deposits from combustion 
chambers in cylinder heads. Clean the entire head with dry-cleaning 
solvent and a stiff wire brush. 

d. Inspection. 

( 1 ) Block Assembly. Inspect the entire block assembly care- 
fully for cracks, fractures or damage to flanges or webbing. Inspect 
expansion plugs for condition and tight seal, replacing.any which show 
indications of leakage. Inspect machined surfaces for scratches, nicks, 
burs or similar damage. Slight scratches can be cleaned up with a 
fine stone. Inspect all threaded holes and retap any that are stripped 
or otherwise damaged. 

(2) Cylinder Bores. Visually inspect cylinder bores by holding 
a light at the lower end of each bore and checking condition care- 
fully. If rust pits are in evidence, or the cylinder is deeply scratched 
or scored, rehoning will be necessary. If cylinder app>ears to be in 
good condition, measure diameter, using a 3- to 4-inch inside microm- 
eter or cylinder indicator gage. If cylinder is tapered more than 0.004 
inch frorn top to bottom of ring travel, rehoning will be' necessary. 
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VALVE GUIDE REPLACER (41-D-2993) RA PD 331515 



Figure 35 — Removing Valve Guides 

If bores are apparently in good condition, piston fit can be checked 
later as explained in subparagraph e. 

(3) Valve Guides. Inspect valve guides for condition, freedom 
from cracks or fractures and snug fit in block. If condition is satis- 
factory, check diameter with plug gage or hole gage. If guide is worn 
beyond 0.3487-inch diameter, measured Vs inch from bottom of 
counterbore, or is otherwise not in satisfactory condition, replace as 
outlined in subparagraph e. 

(4) Camshaft Bushings. Inspect camshaft bushings for condi- 
tion, secure mounting in block, and freedom from scratches or scores. 
Measure diameter with inside micrometers and replace bushings as 
explained in subparagraph e, if worn to more than 2.413-inch diameter 
(front and center) or 2.007-inch (rear). 

(5) Cylinder Heads. Inspect cylinder heads for cracks, frac- 
tures or other damage. Inspect cylinder head gasket faces for scratches 
or burs or other conditions that might prevent a good gasket seal. 
Inspect condition of threads on spark plug mounting holes. Nicks or 
burs on the gasket face can be removed with a fine stone if not too 
deep. Replace heads if other conditions are found. 
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RAPD 331516 



Figure 36 — Installing Exhaust Valve Guide 
e. Repair. 

( 1 ) Valve Guide Replacement. 

(a) Remove Valve Guides. Insert valve guide replacer in valve 
guide and drive guide down into valve compartment, using a heavy 
hammer (fig. 35). Catch guide before it falls down into crankcase. 
Repeat this operation for each of the other 15 valve guides. 

(b) Install Valve Guides. Position valve guide driver adapter on 
driver tool (41-D-2993). Place narrow shoulder on adapter toward 
pilot end of driver tool when installing exhaust valve guides (fig. 36). 
Position adapter on driver tool with wide shoulder toward pilot end 
when installing intake valve guides (fig. 37). Position a new valve 
guide on driver and adapter and place guide and driver tool on top 
of valve guide mounting hole. Drive valve guide into position until 
adapter on driver tool strikes top of valve opening. Repeat this 
operation for each of the other 15 valve guides, reversing adapter 
on driver tool as required for intake and exhaust valve guides. 
CAUTION: Tool must be held square with bushing to avoid chip- 
ping top of bushing. 

(2) Replacing Camshaft Bushings. 

(a) Remove Camshaft Rear Bushing. Install camshaft rear bush- 
ing pilot (41-R-2373-600) in rear camshaft bushing from front. Insert 
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SHOULDER DOWN) REPLACER (41-D-2993) RAPD 331517 

Figure 37 — Installing Intake Valve Guide 

camshaft bushing replacer through pilot on rear camshaft bushing, 
and knock out expansion plug in crankcase behind rear camshaft 
bushing. Install camshaft front bushing pilot over front end of re- 
placer, and insert in front camshaft bushing (fig. 38). Push replacer 
toward rear of crankcase until collar on replacer contacts camshaft 
rear bushing pilot. Drive out camshaft rear bushing by tapping on 
front end of replacer, using a lead hammer to prevent damaging tool. 
Remove camshaft rear bushing pilot, but do not remove replacer. 

(b) Remove Center Camshaft Bushing. Pull replacer forward 
past center camshaft bushing. Install center camshaft bushing pilot 
in place on front of center camshaft bushing. Push replacer back 
through center camshaft bushing pilot until collar on replacer con- 
tacts pilot (fig. 38). Drive out center camshaft bushing by striking 
front end of replacer, using a lead hammer to prevent damaging tool. 
Remove replacer and front center camshaft bushing pilots. 

(c) Remove Front Camshaft Bushing. Install camshaft front 
bushing pilot in camshaft front bushing from the rear. Insert re- 
placer through rear and center camshaft bushing openings, and through 
pilot in front bushing until collar' contacts pilot (fig. 38). Install 

^ camshaft rear bushing pilot over replacer from rear end into position 
in camshaft rear bushing opening. Drive out camshaft front bushing 
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by striking rear end of replacer, using a lead hammer to prevent dam- 
aging tool. Remove camshaft rear bushing pilot, replacer, and cam- 
shaft front bushing pilot. 

(d) Install Camshaft Rear Bushing. Position rear camshaft bush- 
ing on pilot. Coat outside of bushing with white lead. Insert cam- 
shaft bushing replacer (41-R-2373-600) through front and center 
camshaft bushing openings. Install camshaft front bushing pilot in 
front camshaft bushing opening around replacer tool. Place camshaft 
rear bushing pilot and bushing on front edge of opening in crankcase, 
making sure that oilhole in bushing will line up with oil passage in 
crankcase when bushing is installed. Insert replacer tool through 
camshaft rear bushing pilot ■ and drive camshaft rear bushing into 
place. Withdraw replacer tool from pilot and center camshaft bush- 
ing opening, but leave it in place in camshaft front bushing pilot. 
Remove pilot from camshaft rear bushing. 

(e) Install Camshaft Center Bushing. Position camshaft center 
bushing on pilot. Coat outside of bushing with white lead. Place 
camshaft center bushing pilot and bushing on front end of center 
camshaft opening, making sure that oilhole in bushing will line up 
with oil passage in crankcase when bushing is installed. Insert re- 
placer tool through camshaft center bushing pilot and drive bushing 
into opening until both ends are flush with edges of crankcase. Re- 
move replacer tool and camshaft front bushing pilot from crankcase, 
but leave camshaft center bushing pilot in place. 

(f) Install Camshaft Front Bushing. Position camshaft front bush- 
ing on pilot. Coat outside of bushing with white lead. Place pilot and 
bushing on front edge of front opening in crankcase, making sure that 
the oilhole in bushing will line up with oil passage in crankcase when 
bushing is installed. Insert replacer tool through camshaft front and 
center bushing pilots and drive camshaft front bushing into place 
until ends of bushing are flush with ends of crankcase. Remove 
replacer tool and pilots. Coat edges of a new expansion plug liberally 
with joint and thread compound and push plug into rear end of rear 
camshaft opening in crankcase until it bottoms against shoulder. 
Strike center of plug several smart blows with a light hammer to ex- 
pand plug and lock it in place. Wipe up joint and thread compound 
from inside of camshaft hole. 

(3) Fitting Pistons. 

(a) Measure Cylinder Bores. Insert a 3- to 4-inch inside microm- 
eter in each cylinder bore 1 inches down from the top and at right 
angles to the camshaft (fig. 39). Set micrometer barrel snugly 
enough to prevent change of reading, and remove micrometer from 
cylinder. Measure inside micrometer with an outside micrometer, 
using the same feel as used in measuring pistons. Record these 
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3'_4' INSIDE MICROMETER 



MEASURE CYLINDER CROSSWISE TO CYLINDER 




1 1/4' FROM TOP OF CYLINDER 
A— MEASURING CYLINDER BORE 




INSIDE MICROMETER " OUTSIDE MICROMETER 

B— CHECKING INSIDE MICROMETER 

RA PD 344114 

Figure 39 — Measuring Cylinder Bores 
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RA PD 331519 

Figure 40 — Measuring Piston Diameter 



measurements. NOTE: The steps in this procedure are based on 
the assumption that the cylinder bores and pistons are stilt serviceable. 
The procedure will be similar it bores must be rehoned and new 
pistons fitted. 

(b) Measure Piston Diameter, After pistons have been cleaned, 
repaired and found serviceable (par. 8 d), measure piston diameter 
with outside micrometer placed next to vertical slot and just under 
cross slot (fig. 40). No measurement of the lower or open end of the 
piston skirt is necessary. 

(c) Compute clearance by subtracting piston measurement from 
cylinder measurement. Interpret measurement as follows: 

0.0033 to 0.0037 inch — ideal condition, new or reconditioned cyl- 
inders. 

0.0038 to 0.0042 inch — ideal condition after run-in test. 

0.006 inch — medium condition, fit for further use, but new piston 

rings must be installed. ^ 
0.009 inch — worn condition, reboring and refitting required. 

(4) Cylinder Bore Reconditioning. If cylinder bores are not 
in satisfactory condition, or cannot be fitted with available pistons. 



977567 - 51 -4 
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MANIFOLD OPENINGS COVERED PILOT GRINDER 




TAPE INSTALLED "SHINGLE" FASHION RA PD 331520 



figure 41 — Inserting Grinder Pilot 

reboring and rehoning will be necessary. Detailed procedures depend 
upon the available equipment, but the following precautions should 
be observed: 

(a) No attempt should be made to hone 0.020 inch out of a cyl- 
inder. The job should be rebored to within 0.001 to 0.003 inch of 
finished size depending upon the kind of surface the boring bar leaves, 
honed within 0.0005 with the 150 stones and the 350 stones used 
only for smoothing up the surface after the rough stones. 

(b) Use stones of 350 to 400 grit if only a few ten thousandths 
are to be removed. Use 150 grit stones for roughing, if considerable 
stock must be taken off. Bores must be round and straight within 
0.0007 inch over the total length, and free from chatter and dug-in 
spots. The best finish shows, very fine hone marks with a dull appear- 
ance. 

(c) The effect of heat during honing on the finished job can be 
minimized by using a steady, small stream of filtered kerosene or 
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5/64" 



figure 42 — Valve Seat Angles and Width 

Diesel fuel on the hone. Dry honing is not recommended. Driving 
the hone at a speed of 150 revolutions per minute or less will keep the 
heat down. 

(d) The greatest wear in the cylinder is parallel with the crank 
shaft and at the upper end of the ring travel, which is the last point 
in the cylinders to clean up. If these spots are not more than Va inch 
wide when the cylinders are finished for the 0.020-inch oversize, allow 
them to remain, as they will have very little effect on ring life or 
performance. 

(5) Valve and Valve Seat Reconditioning. Detailed pro- 
cedures for grinding valves and valve seats are not given because 
they vary with the equipment available. The following precautions 
apply, however, with any type of equipment: 

( a) Cover Engine Openings. Keep all engine openings covered 
to keep grinding compound or small parts from, entering. Shellacked 
cardboard can be used over valve compartments and manifold open- 
ings. Scotch tape can be laid in "shingle" fashion (fig. 41) over the 
cylinder bores. 

(b) Valve Stem Clearance. Check clearance between valve stems 
and guides before grinding valve seats. The valve guides may wear 
unevenly and permit an off-center position of the grinder pilot. Select 
a pilot which can be installed in the guide easily (fig. 41) as a pilot 
inserted by force will tend to follow any irregularities in the valve 
guide, and may give inaccurate results. NOTE: The pilot and 
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grinder shown in figure 41 are part of valve reseating outfit 
(40-V-535 ). 

(c) Valve Seat Specifications. Valve seats must be concentric 
within 0.002-inch total indicator reading. This is very important 
to assure a good seal and quiet valve seating. The valve seats must 
be at a 45-degree angle, with a seat width of %4 inch, and no less 
than inch from the outer edge of the seat to the outer edge of 
the valve head (fig. 42). 

(d) Assembly. Install idler gear support in engine block. Posi- 
tion idler gear support in rear end of crankcase, and tap into place 
until shoulder on support contacts crankcase. Install set screw that 
holds support in position. Install plug over set screw on IG series 
engine, or engine oil pressure signal unit over set screw on 3G series 
engines. 

8. PISTON AND CONNECTING ROD ASSEMBLIES, 
a. Description. 

( 1 ) Pistons. The pistons are aluminum alloy castings, com- 
pletely machined on outside surfaces, and anodized after machining 
to provide a hard aluminum oxide wearing surface. The piston skirts 
are slightly elliptical, are tapered slightly outward at the bottom, and 
have a T-slot on one side and a straight horizontal slot on the other. 
These features offset tendencies toward uneven expansion, so that the 
piston closely conforms to the cylinder walls when heated to operating 
temperature. The piston pins are made of alloy-steel carefully ground 
to size. They float in the connecting rod bushing and in bosses in' the 
pistons, being held in place by snap rings. Three piston rings are 
used, located above the piston pin. The two upper rings are com- 
pression rings to prevent exhaust gases or fuel vapor from seeping 
down into the crankcase. The third ring is an oil ring which controls 
the amount of oil that is left on the cylinder walls for lubricating walls 
and compression rings. The top rings on 3G and later IG engines 
are chromium-plated to minimize cylinder and ring wear. 

(2) Connecting Rods. Eight connecting rods of forged steel are 
mounted on the crankshaft, the rods for the opposite cylinders of the 
right and left blocks being mounted on the same journal. The rod 
for the left-hand cylinder is always toward the front of the engine. 
The lower or large end of each connecting rod is split crosswise at an 
angle to permit removal of the rod and piston assembly from the top 
of the engine. The connecting rod cap is held to the rod by a long and 
a short cap screw. These cap screws and the lock washers used 
under them are of sf>ecial alloy steels. Each time a connecting rod is 
disassembled, new lock washers must be used in reassembling. Split, 
shell-type, steel-backed babbitt bearings are used in the connecting 
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rod and cap around the crankshaft journal. These bearings are posi- 
tioned by tangs on the bearings which fit into grooves in the rod and 
cap. Upper and lower bearing halves are not interchangeable, be- 
cause of oilholes in the upper bearing. The upper end of the connect- 
ing rod is drilled for the piston pin. The pin is carried in a bronze 
bushing which is pressed into the rod and machined to exact size 
after installation. 

h. Disassenibly. 

(1) Remove Piston from Rod. Remove retaining rings that 
hold piston pin in piston at each end and push piston pin out of piston 
and connecting rod. NOTE: It is not necessary to heat piston in 
order to remove the pin at ordinary room temperatures. 

(2) Remove Rings. Using a standard type piston ring expander, 
remove all piston rings from each piston, taking care not to damage 
ring. 

(3) Remove Cap and Bearing. Remove the two screws and 
lock washers holding the connecting rod bearing cap to the rod and 
take off the cap and the upper and lower halves of the bearing. 
NOTE: These caps were installed finger-tight when rods were re- 
moved from et.gine. 

V. Cleaning. 

( 1 ) Piston. Immerse piston in dry-cleaning solvent and remove 
all carbon deposits from piston head ring grooves, etc. If necessary, 
use a piece of broken piston ring to scrape deposits from ring grooves. 
Clean any accumulation from piston rings, using cleaning solvent. 

(2) Connecting Rod. Clean rod and bearing cap with solvent 
and cloth or wire brush, as required. 

(I. Inspection. 

( 1 ) Connecting Rod. Inspect connecting rod and cap carefully 
for c'racks, fractures or other evidence of damage. Force compressed 
air through oil passage from journal opening to piston pin bushing 
to make sure that oil line is not plugged. Inspect piston "pin bushing 
for damage or evidence of excessive wear. If bushing appears satis- 
factory, check diameter with inside micrometer. If inside diameter 
exceeds 0.876 inch or if bushing is in poor condition, replace pin with 
0.005-inch oversize pin as explained in subparagraph e below. 

(2) Piston Pin. Inspect piston pin for nicks, burs, or scratches. 
Fine scratches can be cleaned up with oilstone, but severe markings 
make replacement necessary. Check clearance between piston pin and 
piston, and piston pin and bushing as explained in subparagraph e 
below. 

(3) Piston and Rings. Go over piston very carefully, inspecting 
for any small cracks or nicks which might cause oil leakage or later 
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failure. Install piston rings on piston, using the standard ring ex- 
pander, and measure clearance between each ring and edge of ring 
groove. The clearance should be interpreted as follows: 



Top Groove 

0.0022 to 
0.0035-in. 

0.006-in. 
0.012-in. 



2nd Groove 

0.0022 to 

0.0035-in. 
0.004-in. 

0.006-in. 



3rd Groove 

0.0013 to 
0.0026-in. 

0.003-in. 
0.004-in. 



Ideal condition, new 
parts 

Medium condition, 
replace rings 

Worn out, replace 
piston and rings 



If pistons and rings are satisfactory, insert each ring in turn in the 
cylinder in which it was used and measure gap with feeler gage. 
Gap should not exceed 0.060-inch. 

e. Repair. 

(1) Piston Pin Fitting. 

(a) Measure Pin Clearance. Measure diameter of piston pin, 
using a 1-inch micrometer. This diameter for standard size pins 
should be 0.8742 to 0.8745 inch. Measure inside diameter of piston 
pin bushing in connecting rod, using a telescope gage and 1-inch 
micrometer The clearance between the piston pin and the bushing 
should be 0.0002 to 0.0008 inch. The clearance between the piston 
pin and the piston should be 0.00005 to 0.0001 inch or a hand push 
fit at 72° F. 

(b) Fitting Oversized Pin. If clearance between piston pin and 
connecting rod bushing or piston is excessive, a 0.005-inch oversized 
pin must be installed after honing the connecting rod bushing and 
the piston for the oversized pin. Cibserve the following precautions: 

1. Mount hone in a vise and rotate rod or piston slowly by hand 
— never use power to hone these parts. 

2. Use a very fine abrasive on the hone and wash with solvent 
frequently. 

3. Always wash piston or connecting rod thoroughly before at- 
tempting to insert oversized pin. NOTE: // bushing in connecting 
rod is worn excessively, the complete rod assembly must be replaced. 

f. Assembly. 

( 1 ) Install Piston Rings. Install the three piston rings on the 
piston, as shown in figure 43, using a standard-type piston ring ex- 
pander. Be sure to get the rings in the proper grooves: the oil ring 
in the lower groove, the ferroxed ring (which is darker in color) in 
the middle groove, and the plain or chrome plated compression ring in 
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PISTON PIN 
RETAINING RING 



OIL PASSAGE TO PISTON PIN 



• RAPD 331522 



figure 43 — Piston Cross Section 

the upper groove. Make sure that the inner grooves on the com- 
pression rings are toward the top of the piston (fig. 43). 

(2) Install Piston Pin. Lubricate piston pin with clean engine 
oil. Position connecting rod in piston so that the T-slot on piston will 
be toward the left side of engine when installed. Line up piston pin 
bore in piston with bushing in connecting rod and push pin through 
piston and rod. Install new retaining rings over each end of piston 
pin (fig. 43). 

(3) Install Bearings. Install new upper and lower connecting 
rod bearing halves in rod and rod cap, making sure to put the bearing 
with the oil holes in the rod and the other bearing in the cap. 

g. Connecting Rod Alinenienl. 

(1) Install Assembly on Fixture (fig. 44). The connecting 
rod can be checked with or without the piston installed. Seat the 
piston pin on the V-blocks of the aliner (41-A-135). The lower 
journal of the connecting rod (with cap attached) must be over the 
swinging arbor of the aliner (fig. 44). 
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Figure 44 — Alining Connecting Rod 



(2) Check Rod Alinement. Hold connecting rod firmly in 
place. Move swinging arbor up so that the top blade in the arbor 
contacts the upper inside surface of the connecting rod journal. The 
pointer in the base of the aliner will indicate the amount of connect- 
ing rod is out of alinement. 

(3) Check Rod for Twist. Hold connecting rod firmly in place. 
Move swinging arbor so that the rear blade in the arbor contacts the 
rear inside surface of the connecting rod journal. The pointer in the 
base of the aliner will indicate the amount of twist. 

(4) Straighten Rod. If connecting rod is bent or twisted, it 
should be straightened, using a bending tool. A bent rod will hold 
its shape better if corrected a little further than necessary, and then 
bend back to correct alinement. 

(5) Recheck Alinement. After a connecting rod has been 
straightened, make a final recheck of alinement before installing in 
engine. 

9. CRANKSHAFT AND FLYWHEEL ASSEMBLY, AND CAM- 
SHAFT. 

a. Description. 

( 1 ) Crankshaft and Flywheel Assembly. The crankshaft is 
a forged, heat-treated steel shaft (fig. 45) with three main bearing 
journals and with four crank pin journals, each of which carries two 
opposing connecting rods. The crank pins and rods are balanced by 
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six counterweights, four of which are integral with the shaft, while 
the others (Nos. 2 and 5) are attached with special cap screws, lock 
washers and locating dowels. A steel flywheel 15 inches in diameter 
is mounted on the end of the crankshaft with two dowels and six cap 
screws with locking wires. NOTE: On some early IG series engines, 
the flywheel was attached with six studs, nuts and lock washers. A 
ring gear is shrunk and welded to the outside diameter of the flywheel 
to provide a means of cranking the engine. 

(2) Camshaft. The camshaft is a solid, alloy iron shaft carried 
in the engine block directly above the crankshaft and mounted on 
three steel-backed babbitt bushings. Machined on the shaft are the 
16 cams, each of which operate an engine valve through a hydraulic 
valve lifter. The front end of the camshaft carries an eccentric that 
drives the fuel pump on IG series engines, but serves merely as a 
spacer on 3G series engines. A helical gear is machined in the shaft 
at the rear to drive the distributor and oil pump through a bronze 
idler gear and a steel helical gear on a vertical shaft. 

b. Disassembly. 

( 1 ) Remove Flywheel from Crankshaft. Remove lock wires 
from screws, take out screws and take flywheel off dowels. Remove 
gasket. On early type IG series shafts, remove nuts and lock wash- 
ers from studs to remove flywheel. 

c. Cleaning. Wash camshaft, crankshaft and flywheel thoroughly 
in dry-cleaning solvent. Blow out drilled oil passages in crankshaft 
with compressed air and solvent. There are no drilled passages in 
camshaft. 

f1. Inspection and Repair. 

(1) Crankshaft. Place crankshaft assembly on V-blocks (fig. 
45) or on centers, and measure run-out on center main bearing 
journal, using dial indicator (41-1-100).' If run-out exceeds 0.0010 
inch, discard shaft. Inspect crankshaft assembly for loose attachment 
of counterweights. Replace crankshaft assembly if either counter- 
weight has loosened, as even a brief period of operation with loose 
counterweights makes a shaft unfit for further use. Inspect crank- 
shaft main and crankpin journals for scores or damage. Light 
scratches can be corrected by polishing with crocus cloth, but heavier 
scores will require regrinding down to the first undersize (see specifica- 
tions). Inspect key-slot and threads on front end of shaft for burs 
or damage, and repair as required. Check diameter of main and 
crankshaft journals with a micrometer at several places. If journals 
are worn below 2.4580 inches or are out of round more than 0.0005 
inch, regrind for first or second undersize as required. 

(2) Camshaft. Inspect camshaft carefully for nicks, scores, 
scratches or evident wear on bearing journals, cams and teeth of 
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CAMSHAFT CENTER BEARING JOURNAL RAPD 331523 

Figure 46 — Checking Camshaft Alinement 
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integral gear. If any such, damage exists, replace camshaft. Place 
camshaft on V-blocks on front and rear bearing journals, or on centers 
over a surface plate (fig. 46). Check center bearing journal through 
360 degrees and base circle of each cam lobe through 180 degrees. 
If run-out of more than 0.0025 inch total indicator reading is discov- 
ered, camshaft is sprung. Replace camshaft. CAUTION: Camshaft 
is made of cast iron and must be handled very carefully to avoid 
springing or other damage. 

(3) Flywheel. Inspect flywheel carefully for cracks, fractures 
or damage to ring gear teeth. If any of these conditions exist, replace 
the flywheel. Check flywheel cover area for nicks or burs, and re- 
move with crocus cloth or fine stone. 

e. Assembly. 

( 1 ) Assemble Flywheel to Crankshaft. If crankshaft is of 
early type with studs for flying attachment, remove studs from shaft 
and attach flywheel with cap screws, as used on late type shafts. 
Place a new gasket on end of shaft, install flywheel, and attach with 
six cap screws. Tighten screws to from 70 to 75 foot-pounds, and 
lock screws in pairs with lock wire. 

10. TIMING CHAIN, SPROCKETS AND FRONT COVER. 

a. Description. The camshaft is driven at one-half crankshaft 
speed by a flexible timing chain, operated on gear-type sprockets on 
the front end of the crankshaft and camshaft. These sprockets are a 
hand-push fit on the shaft to which they are keyed. The sprockets 
are marked to assure correct timing when installed. The timing 
chain and sprockets are protected by a cast-iron cover which is 
mounted on the front of the crankcase with two dowels and nine 
mounting screws, and attached to the oil pan with three mounting 
screws. On IG engines the fan support bracket is bolted to the engine 
front cover while on the 3G engines the engine front cover forms a 
support to which is attached the generator mounting cradle. 

b. Disassembly. 

( 1 ) Timing Chain and Sprockets. The timing chain is a link- 
type chain held together by rivets. No attempt should be made to 
remove these rivets to remove a link and shorten the chain. No 
disassembly can be performed on the sprockets. 

(2) Crankcase Front Cover. Remove crankcase front cover 
oil seal by driving out the seal with a hammer and brass drift. 

c. Cleaning. Wash timing chain, sprockets, and crankcase front 
cover thoroughly in dry-cleaning solvent. Dry with compressed air. 

d. Inspection. 

(1) Timing Chain. Inspect timing chain for wear. Inspect for 



55 



TM 9-1 729 A 

10-11 

ORDNANCE MAINTENANCE - LIGHT TANKS MS. MSAt, AND M24. 7S-MM HOWITZER MOTOR CARRIAGE 
MS, AND TWIN 40 MM GUN MOTOR CARRIAGE M19: ENGINES, COOLING SYSTEMS AND FUR SYSTEMS 

loose rivets on timing chain links. If either condition exists, replace 
chain. 

(2) Sprockets. Inspect teeth on sprocket for wear. Inspect 
sprockets for wear from chain links. Replace worn sprockets. 
NOTE: The camshaft sprocket is cast iron, and will wear more 
rapidly than the crankshaft sprocket, which is steel. 

(3) Crankshaft Front Cover. Inspect crankcase front cover 
machined surfaces for nicks and burs which may cause oil leaks. 
Small burs and nicks can be removed with a fine file. On IG en- 
gines,- inspect threads for fan bracket mounting studs; also inspect 
threads for fuel pump mounting screws. 

e. AsseniMy. 

(1) Crankcase Front Cover. Install a new crankcase front 
cover oil seal by tapping in place with hammer and soft drift. 
NOTE: Be sure oil seal is pressed into cover until it contacts recess 
in cover. 

(2) Timing Chain and Sprockets. No assembly is necessary. 

11. VALVE LIFTERS. 

a. Description. Hydraulic "alve lifters transmit the lifting 
action of the cam. The lifters are carried in groups of four in a 
housing which serves also as an oil reservoir. Oil enters the chamber 
in the valve lifter body through a small hole, opens the ball check 
valve in the inner cylinder, and passes into the space in the cylinder 
below the plunger. The spring lifts the plunger until it contacts the 
valve stem, thus taking up all clearance between stem and lifter. 
When rotation of the camshaft brings the cam under the lifter and 
raises the lifter against the resistance of the valve spring, the plunger 
is kept from sliding down into the cylinder by the oil in the space 
below the plunger, which is trapped by closing of the ball check valve. 

b. Disassembly. 

(1) Remove Valve Lifter Assemblies from Guide. Expand 
lock ring on small end of valve lifter assembly; remove lock ring 
and push assembly out of lower end of valve guide (fig. 47). 

(2) Disassemble Lifter Assembly. Pull plunger assembly out 
of lifter body. Twist plunger clockwise to unlock spring on cylinder, 
and pull plunger and spring out of cylinder. NOTE: Keep cylin- 
ders and plungers in sets as they are disassembled. They are not in- 
terchangeable. 

c. Cleaning. Wash all valve lifter parts thoroughly in dry-clean- 
ing solvent. 
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Figure 47 — Valve Lifter Assembly 
<1. Inspection. 

(1) Visual Inspection. Inspect machined surfaces of all valve 
lifter parts for any nicks or burs that might cause sticking or oil 
leakage. Inspect lifter guides for evidence of cracks or warpage. 
Check tension of valve lifter body lock ring. It should fit snugly in 
groove of body. Shake cylinder and note whether ball check valve 
rattles. If ball does not rattle, clean cylinder or replace complete 
cylinder and plunger assembly. Insert plunger in cylinder and press 
down quickly. Plunger should bounce back due to air compression. 
Insert cylinder in body arid see that it will slide in and out easily 
when free of oil. Inspect end of valve lifter body which contacts cam- 
shaft for excessive wear. Do not replace body which merely shows 
signs of rotation on camshaft, as this is a normal condition. 

(2) Valve Lifter Leak-down Test. The clearance between 
the valve lifter plunger and cylinder controls the time required for 
oil to leak down between plunger and cylinder. The leak-down rate 
of valve lifter assemblies is tested by comparing the leak-down rate of 
any lifter against that of a master lifter whose leak-down rate is known 
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Figure 48 — Testing Valve Lifter Leak-down Rate 



to be correct. This test is made by using tester (41-T-1598-35) (fig. 
48), as follows: 

(a) Install Master Lifter. Fill reservoir of tester with dry- 
cleaning solvent. Insert master hydraulic valve lifter (furnished with 
tester) on pin in reservoir so that bottom of cylinder is below level 
of solvent, and pump master valve lifter plunger in cylinder to remove 
all air and fill cylinder completely with solvent. NOTE: The master 
hydraulic valve lifter may be identified by the leak-down rate of the 
lifter which is etched on the outside of the cylinder. Insert master 
valve lifter in left socket of tester. 

(b) Install Lifter to Be Tested. Insert valve lifter to be tested 
on pin in reservoir so that bottom of cylinder is below level of solvent, 
and pump plunger up and down to remove air from the cylinder and 
fill completely. with solvent. Insert valve lifter unit to be tested in 
right socket of tester. 

(c) Test Lifter. Position tester beam pilot over the top of 
both hydraulic valve lifters. Swing handle of tester over beam pilot 
and allow handle to rest on beam pilot. Check indicator pointer of 
tester to see that end of pointer is at zero mark on scale. If end of 
pointer is toward plus side or minus side on scale, loosen thumb screw 
on beam pilot and adjust to zero by hand. Tighten thumb screw. 
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Press down on tester quickly several times and note movement of 
pointer. 

(d) Interpret Pointer Movement. If pointer stays at zero or 
goes up toward plus side of scale, the leak-down rate of the lifter 
being tested is equal to or less than that of the master lifter and the 
lifter is satisfactory for use. If pointer goes down toward the minus 
side of scale, the leak-down rate of lifter being tested is greater than 
that of the master lifter and the lifter should be discarded. Repeat 
the above steps four or five times to make sure that an accurate test 
reading is obtained. 

e. Aggembly. 

(1) Assemble Plunger and Cylinder. Push plunger and 
spring into cylinder, and lock in place by rotating plunger spring 
clockwise so that it engages in cylinder. 

(2) Install Plunger and Cylinder in Lifter Body. Fill 
valve lifter body with clean engine oil and push plunger and cylinder 
assembly into lifter body, allowing excess oil in body to leak out 
between body and cylinder. NOTE: Do not depress valve lifter 
plunger after oil has been added to lifter body, because tfiis will pump 
oil into valve lifter cylinder and prevent installation of valve lifter 
in engine. 

(3) Install Lifter in Guide. Push valve lifter assembly into 
valve lifter guide and lock in place with lock. ring. Place valve lifter 
assembly in a clean container or wrap in dustproof paper until ready 
for installation in engine. Dirt or dust must not collect on these 
parts. 

12. DISTRIBUTOR SUPPORT ASSEMBLY. 

a. D^gcription. The distributor is supported on a vertical sup- 
port bolted to the crankcase at the rear of the engine Vee. A vertical 
shaft extending through the support drives the distributor and tachom- 
eter gear at the top and the engine oil pump at the bottom. The 
vertical shaft is driven off the camshaft by a bronze idler gear. 

b. Digaseemhly. 

(1) NOTE: First of all, inspect distributor support to deter- 
mine if disassembly is necessary. Rotate oil pump and distributor 
drive stiaft to see tttat it operates freely in distributor support. Cfteck 
for wear between sttaff and lower bustling. If clearance between ttte 
sfiaft and the bushings exceed 0.005 inch, complete distributor sup- 
port assembly sttould be replaced or the support disassembled and 
parts replaced as necessary. 

(2) Remove Drive Gear and Shaft. File head of pin holding 
distributor drive gear to oil pump and distributor drive shaft, and 
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TACHOMETER DRIVE GEAR RA PD 33T561 

Figure 49 — Gear and Collar on Distributor Drive Shaft 



drive pin out of shaft. Press shaft up through support to force gear 
off shaft. 

(3) Remove Tachometer Driven Gear and Adapter. Remove 
plug over tachometer gear by driving punch into plug and prying out 
plug. Drive tachometer adapter driven shaft out of tachometer driven 
gear, using a hammer and drift. Remove adapter and gear. 

(4) Remove Bushings. Drive both bushings out of lower end of 
distributor support, using a bushing driver. 

(5) Remove Tachometer Drive Gear. File head of pin hold- 
ing tachometer drive gear to oil pump and distributor drive shaft. 
Drive pin out of gear. Press gear off shaft. 

c. Cleaning. Wash all parts thoroughly in dry-cleaning solvent. 
Blow out oil passages at base of distributor support. 

<1. Inspection. Inspect distributor and oil pump drive shaft for 
scores, scratches or other damage. Scratches can be removed from 
shaft using a fine file and crocus cloth. Place shaft on V-blocks and 
check shaft for run-out, using a dial indicator. Run-out of shaft should 
not exceed 0.005 inch. Straighten shaft if necessary. Inspect teeth 
on oil pump and distributor drive gear. Inspect teeth on tachometer 
drive gear. Nicks and burs may be removed, using a fine hone. In- 
spect distributor support for nicks, cracks, and burs. Nicks and burs 
may be removed using a fine file. Replace support if cracked. In- 
spect oil holes in support. See that passages are clear. 

e. Assembly. 

( 1 ) Install Bushings. Place new lower bushing over opening 
in distributor support and press bushing flush with bottom of support. 
Place upper bushing over bushing installer and slide into housing 
until pilot on bushing installer passes through lower bushing. Drive 
in upper bushing until it is flush with boss on inside of housing. 
NOTE: Bushing must not cover oilhole in support. Line ream 
bushings in housing to from .4938 to .4948 inch.' 

(2) Install Tachometer Drive Gear. Slide tachometer gear 
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over top of shaft until distance from bottom of gear to top of collar 
is 2''\-f2 inches (fig. 49). Drill shaft with a Vs-inch drill and install 
pin. Peen pin with a light hammer, being careful not to damage 
teeth on gear. 

(3) Install Drive Shaft. Lubricate distributor drive shaft and 
slide into distributor support until collar on shaft contacts upper bush- 
ing in distributor support. 

(4) Install Drive Gear. Place drive gear over drive shaft and 
press gear on shaft until there is 0.0015 to 0.002-inch clearance be- 
tween gear and lower end of support. Drill hole through shaft, using 
a ,;-inch drill. Install a new pin through gear and shaft, and peen 
ends of pin, being careful not to damage teeth on gear. 

(5) Install Tachometer Driven Gear. Slide tachometer 
adapter driven shaft into opening in distributor support. Place 
tachometer driven gear over end of shaft with shoulder on gear 
toward outside of support. Press gear onto shaft until there is 0.001 
to 0.0015-inch clearance between gear and distributor support. Lubri- 
cate shaft and gear and install a new tachometer gear plug, tapping 
plug into body until it is flush with support. NOTE: Coat plug with 
sealing compound before installing into distributor support. 

13. OIL PUMP, STRAINKR, AND LINES. 

a. Deseriplion. A sheet-metal pan is attached to the bottom of 
the crankcase to serve as an oil reservoir. Baffles to prevent excessive 
oil splashing are mounted on brackets on the center and rear main 
bearing caps. The gear-type oil pump is mounted on the bottom of 
the crankcase at the left of the rear main bearing, and driven by the 
same vertical shaft that drives the distributor. The oil pressure regu- 
lator is built into the pump housing. The pump draws oil from the 
oil pan through a screened floating intake and forces it through a 
drilled passage to the main oil header which is drilled lengthwise along 
the left side of the crankcase (fig. 10). 

Ii. DisasBembly. 

( 1 ) Remove Adapter. Remove two nuts holding adapter to oil 
pump. Remove adapter from pump. 

(2) Remove Strainer Float. Remove cotter pin from hinge 
connecting oil intake float to oil pump housing (fig. 10). Remove oil 
strainer float by pulling intake pipe out of hole in oil pump housing. 

(3) Remove Pressure Regulator. Holding oil pressure regu- 
lator spring in place with screwdriver, remove cotter pin from housing 
using a pair of pliers. Remove regulator spring retainer, regulator 
spring, and oil pressure valve from inside of housing. These parts fall 
out after cotter pin has been removed. 
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Figure 50 — Engine Oil Pump, Disassembled View 

(4) Remove Gears and Shafts. Remove pin holding collar on 
end of oil pump drive gear shaft. Place drive gear shaft in arbor 
press and press off collar. Remove burs left when collar is removed. 
Remove four cap screws and lock washers holding cover to oil pump 
housing. Remove cover from bottom of housing. Slide driving shaft 
and integral driving gear out through bottom of pump housing. Slide 
driven gear off driven gear shaft, removing it from pump housing. 
Press out driven gear shaft. 

f. Cleaning. Clean oil pump parts thoroughly in dry-cleaning 
solvent. Wash oil pan thoroughly and remove old gasket from flange 
of oil pan. 

d. Inspection. 

(1) Pump and Adapter Body. Inspect oil pump body and 
cover at gear contact areas, for small nicks or cracks and burs. Small 
burs may be removed with a fine file. Inspect machined surfaces of 
oil pump body adapter for nicks and burs and remove any burs with 
a fine file. 

(2) Gears and Shafts. Inspect driven gear shaft for nicks or 
.burs that might cause bearing failure. Inspect oil pump drive shaft 
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for nicks or burs and for any bends in the shaft. Inspect oil pump 
gears for wear and any evidence of damage. 

(3) Clearances. Insert both oil pump gears in oil pump body 
and check backlash between gears using a feeler gage. This backlash 
should be from 0.008 to 0.012 inch. Lay a piece of 0.004-inch shim 
stock above both oil pump gears, and install oil pump cover securely. 
Check to see whether oil pump drive shaft can be rotated with gears 
and shims just installed. A 0.004-inch shim should rernove all end 
play in oil pump gears and make them tight in oil pump body so 
that considerable effort is required to rotate drive shaft. Check clear- 
ance between oil pump body and drive shaft using a telescope gage in 
the oil pump body and a 1-inch micrometer on the drive shaft. The 
clearance should be from 0.0010 to 0.0025 inch. Check clearance be- 
tween oil pump body and oil pump gear, using a feeler gage. This 
clearance should be 0.003 to 0.005 inch. 

(4) Oil Pressure Regulator. Measure free length of oil pres- 
sure regulator valve spring. This free length should be 2-%^ inches. 
Compress oil pressure regulator valve spring to 1'%.; inches and 
measure pressure while compressed. The pressure should be from 
5 V2 to 6 V4 pounds. Measure clearance between oil pressure regulator 
plunger and oil pump body, using a 1-inch micrometer on the plunger 
and a telescope gage on the body. This clearance should be 0.002 to 
0.0035 inch. 

(5) Strainer Float. Inspect strainer on oil float for broken 
mesh. Shake float, listening for sounds which would indicate presence 
of oil within the float. Check float for leaks. 

e. Assembly. 

( 1 ) Install Gears and Shafts. Press driven gear shaft into 
body ij inch below face of cover. Install drive shaft and integral 
drive gear in housing. Place drive shaft in arbor press and press 
collar on end of shaft so that the holes for pin line up. Drive a new 
pin into collar through driving shaft. Replace driven gear on driven 
gear shaft. 

(2) Install Cover. Install cover on bottom of housing so that 
machined surface is next to gears. Install four cap screws with lock 
washers which hold cover to oil pump hodsing and tighten screws. 

(3) Install Oil Pressure Regulator. Position oil pressure 
valve, oil pressure regulator spring, and regulator spring retainer in 
housirig in order named. Compress spring with screwdriver enough to 
install cotter pin which holds pressure regulator parts in place, and 
spread cotter pin. 

(4) Install Float. Insert float assembly in housing and lock 
in place with cotter pin. 
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Figure 51 — Intake Manifold and Fan Shaft, 3G Series 

(5) Install Adapter. Position oil pump adapter and gasket 
on pump and install two mounting nuts and lock washers. 

14. INTAKE AND EXHAUST MANIFOLDS, 
a. Description. 

( 1 ) Intake Manifolds. The intake manifold is in reality two 
separate manifolds, made up in a single casting. Each manifold de- 
livers the fuel mixture to the two center cylinders on one side and 
the two end cylinders on the opposite side. On 3G series engines, 
the fan drive shaft is carried on two sealed bearings in the bottom 
of the intake manifold casting (fig. 51). 

(2) Exhaust Manifolds. Two exhaust manifolds are used, 
clamped to the top of each bank of cylinders and connected by a 
cross-over pipe at the rear on IG engines and at the front on 3G 
engines. There are three exhaust ports in each cylinder bank, the 
end cylinders having individual ports while the center cylinders are 
grouped together in one port, from which a passage leads to the heat- 
ing chamber of the intake manifold. The outlet to the exhaust pipe 
and muffler is located at the right front on IG engines. On 3G 
engines, the exhaust cross-over pipe can be changed from one side to 
the other to make a right- or left-hand engine. 

]). Disassembly. 

(1) Remove Fan Shaft from 3G Series Intake Manifold. 
Remove nuts, internal tooth lock washer and flat washer holding 
universal yokes to both ends of intake manifold (fig. 51). Slide 
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yokes off shaft. Remove slinger from each end of shaft. Remove 
snap ring holding rear fan shaft bearing in intake manifold. Tap on 
rear end of shaft with a soft hammer and drive front bearing out of 
manifold. Remove shaft and bearing. Push rear bearing out of 
intake manifold and remove inside slingers from shaft. 

(2) NOTE: No disassembly is required of the exhaust mani- 
folds or the IG series intake manifold. 

V. Cleaning. Scrape carbon deposit from inside of intake and 
exhaust manifold. Blow out passages with compressed air. Wash 
all fan shaft parts, with the exception of the two sealed Searings, in 
dry-cleaning solvent. These bearings are sealed units and should 
not be cleaned by washing. 

(I. Inspet'tiun. 

(1) Manifolds. Inspect carburetor, mounting studs on intake 
manifold. Inspect studs on intake manifold for throttle cross shaft 
mounting bracket. Inspect crossover pipe mounting screw holes in 
exhaust manifolds. Renew studs or retap threads as required. Inspect 
manifolds for cracks or fractures and replace if so damaged. 

(2) Fan Shaft. Inspect fan drive shaft for cracks, bends or 
other damage and replace if such conditions are found. Rotate bear- 
ings by hand to check for roughness or wear, and replace if necessary. 

e. Assenihly. 

(1) Assemble Fan Shaft in 3G Intake Manifold. Place oil 
slingers over each end of fan drive shaft. Press front bearing on shaft 
till it contacts slinger. Slide shaft and front bearing through front 
end of intake manifold until bearing seats in boss in manifold. Press 
rear bearing over shaft until bearing is seated on boss in rear of mani- 
fold: Install lock ring holding rear bearing in manifold. Place outer 
oil slinger over shaft and install both universal yokes. Position flat 
washer, internal tooth lock washer, and nut on both ends of shaft. 
While holding wrench on one end, tighten opposite end to from 90 
to 95 foot-pounds, using a torque wrench. 

Section IV 

ASSEMBLY OF ENGINE 

15. ASSEMBLY PROCEDURE, 
a. Assembly Procedure. 

( 1 ) Check Design of Rear Crankshaft Bearing. Inspect new 
rear crankshaft bearings issued for installation to determine whether 
they are first or second type (fig. 52 ). Install second type bearings, 
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Figure 52 — Rear Crankshaft Bearirtgs 




RA PD 331548 

Figure 53 — Slot In Rear Bearing Cap 

having the extra groove and oil slot, whenever they are available. 
First type bearings, which were used as original equipment on many 
IG series engines, can be installed in an emergency in either IG or 
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RA PD 331527 

Figure 54 — Installing Packing For Rear Crankshaft Bearing 
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Figure 55 — Installing Oil Seal In Rear Crankshaft Bearing Cap 

3G series engines. CAUTION: Both the upper and lower bearing 
must be of the same type. 

(2) Drill Rear Bearing Cap. (1G Series Only). If second 
type bearings are. to be installed in IG series engines originally fitted 
with first type, drill a slot in the cap (fig. 53) as follows: Place lower 
half of new type bearing in cap, and mark outline of slot in oil groove 
on cap. Remove bearing from cap. Center punch and drill out slot 
in cap using Vs-inch drill. Clean up slot and remove rough edges 
with Vs-inch round file. Wash cap in cleaning solvent to remove 
all metal particles. 

(3) Install Bearing Packing AND Seal. Lay a new rear bear- 
ing packing in groove in crankcase opening for rear crankshaft bearing. 
Position compressor (41-C-2554) on packing and tap carefully into 
groove in bearing opening. NOTE: The compressor (41 -C-25 54) is 
no longer an item of issue and is included for information only. Large 
shoulder on compressor should pilot in crankshaft oil slinger groove 
in crankcase (fig. 54). Using a sharp knife, cut ends of packing off 
flush with top of bearing surface (fig. 54). Position new packing in 
groove in rear crankshaft bearing cap. Tap packing into groove in 
bearing cap, using a compressor. Large shoulder on compressor 
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Figure 56 — Tightening Screws For Center Bearing Cap 

should pilot in groove in bearing cap (fig. 54). Using sharp knife, 
cut ends of packing off flush with top of bearing cap (fig. 54). Install 
two new oil seals in groove in side of bearing cap, using a light ham- 
mer (fig. 55). Use gasket paste on seals to facilitate installation. 
NOTE: Seals should protrude from both ends of caps approximately 
%2 inch. 

(4) Install Crankshaft" and Flywheel Assembly. With 
engine block turned upside down in stand, install upper half of rear 
crankshaft bearing in crankcase, making sure tang on bearing fits in 
groove in case. Install upper half of center crankshaft bearing and 
upper half of front crankshaft bearing, making sure in each instance 
•that tang on bearing fits in groove in case. Lubricate bearings with 
clean engine oil. On 3G series, place sealing plate over crankshaft 
up against back of flywheel. Lift crankshaft and flywheel assembly 
and lower into place on upper halves of crankshaft bearings. Rotate 
crankshaft to see that it turns freely. Slide sealing plate (3G series) 
over dowels on crankcase. 

(5) Install Crankshaft Bearing Caps. Insert lower half of 
rear crankshaft bearing in rear bearing cap and tap cap into position 
on crankcase, being careful not to damage oil seals. Position rear oil 
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Figure 57 — Connecting Rod Bearings 

pan baffle support on rear bearing cap and install rear bearing cap 
mounting screws and new lock washers finger-tight. Insert lower half 
of center crankshaft bearing in center bearing cap and tap cap into 
place on crankcase, using a light hammer. Position front oil pan 
baffle support on center bearing- cap and install two center bearing 
cap mounting screws and new lock washers finger-tight. Insert lower 
half of front crankshaft bearing in front bearing cap and tap cap into 
place in crankcase. Install two front bearing cap mounting screws 
and new lock washers finger-tight. Tighten all crankshaft bearing 
cap mounting screws evenly to a torque tightness of 130 to 140 foot- 
pounds, using torque wrench (41-W-3631) (fig. 56). NOTE: Crank- 
shaft assembly should turn freely with only a slight amount of drag. 
Any indication of binding should be checked and corrected. 

(6) Install Transmission Mainshaft Pilot Bearing. Tap 
transmission mainshaft pilot bearing into mounting hole in rear end 
of crankshaft. Be sure to tap evenly around bearing so that it seats 
properly. Install retainer wire for bearing in end of crankshaft. 
Lubricate bearing with clean engine oil. 

(7) Install Connecting Rod Bearings. Install lower half of 
No. 1 connecting rod bearing in No. 1 connecting rod bearing cap. 
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Figure 58 — Tightening Connecting Rod Screws 



Install upper half of No. 1 connecting rod bearing in No. 1 connecting 
rod. Repeat these steps for each of the other seven connecting rods 
and caps. CAUTION: Make sure that connecting rod bearing halves 
are not interchanged. The bearing half with oilholes should be in- 
stalled on the connecting rod, and the bearing half with no oilholes 
should be installed in the connecting rod cap (fig. 57). Also check 
to see that tangs on bearings are in grooves in connecting rod and 
connecting rod bearing cap. 

(8) Install Connecting Rod and Piston Assemblies. Lubri- 
cate pistons and piston rings with clean engine oil. Space the piston 
rings on the piston so that ring caps are about 120 degrees apart. 
Rotate crankshaft until journal is opposite cylinder opening. Insert 
connecting rod and piston assembly into cylinder on left-hand cylinder 
block down as far as piston pin, being careful not to allow lower end 
of rod to touch cylinder bore. CAUTION: T-slot on piston rhust 
be toward the left side of engine. Compress piston rings, using a 
standard piston ring compressor, and tap piston down into cylinder 
block, using a rawhide hammer. Push connecting rod down over top 
of crankshaft journal, making certain that bearing in rod remains in 
place. Install connecting rod bearing cap, making sure that number 
on cap lines up with the number on rod. Install long and short con- 
necting rod screws and new lock washers finger-tight. Repeat these 
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Figure 59 — Camshaft Thrust Plate Installation 

steps for the other seven connecting rod and piston assembUes, in- 
stalHng them in respective numerical order. Make sure that numbers 
on rods and caps are toward bottom of engine and that they corre- 
spond to each other and are in proper order. Tighten all connecting 
rod screws, using the connecting rod socket (41-W-2598-500), and a 
torque wrench (41-W-3630). Screws should be tightened to a torque 
tightness of 60 to 65 foot-pounds (fig. 58). 

(9) Install Oil Pan Baffle. Position oil pan baffle on front 
and rear oil pan baffle mounting brackets. Install two screws holding 
rear end of oil pan baffle to mounting bracket. Install two screws 
holding oil pan baffle to front mounting bracket on center main bear- 
ing cap. NOTE: Leave oil pump and pan off for later installation. 

(10) Install Camshaft. Place camshaft sprocket spacer on 
front end of camshaft and install camshaft sprocket Woodruff key by 
driving into place with a light hammer. Lubricate inside of camshaft 
bushings with clean engine oil and install camshaft from front of 
crankcase, being careful to see that edges of camshaft lobes do not 
damage camshaft bushings. Position camshaft thrust plate in place 
on front end of crankcase. NOTE: Camshaft plate is eccentric with 
camshaft to permit lubrication of sprocket. Maximum clearance 
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Figure 60 — Camshaft Sprocket Pilot 



between shaft and plate should be toward left side of engine ( fig. 59 ). 
Install thrust plate mounting screws and lock washers and tighten 
to from 15 to 18 foot-pounds. 

(11) Install Distributor and Oil Pump Idler Gear. Install 
bronze idler gear on support so that long shoulder on gear is toward 
front of crankcase. Install cap screw and large washer holding dis- 
tributor idler gear on support. NOTE: Be sure pin on large washer 
fits into hole on support. Tighten screw to from 15 to 18 foot-pounds. 

(12) Install Timing Chain and Sprockets. Position cam- 
shaft sprocket pilot (41-P-402-100) on front end of camshaft (fig. 60). 
Place crankshaft timing chain sprocket and camshaft sprocket inside 
of timing chain with timing marks "O" on both sprockets next to each 
other. Note position of key slots in crankshaft and camshaft sprockets 
and rotate crankshaft and camshaft until Woodruff keys on front end 
of both shafts are in the same relative position as the key slots in 
sprockets. Grasp crankshaft and camshaft sprockets with both hands, 
push timing chain and sprockets over front end of crankshaft and 
camshaft and remove pilot. Lay a straightedge over front ends of 
crankshaft and camshaft so that it lines up with center of shaft. 
Check to see that timing marks "O" on sprockets line up (fig. 61). 
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Figure 61 — Checking Timing Marks 

Using a soft hammer, tap both sprockets all the way onto crankshaft 
and camshaft over Woodruff keys until sprockets reach stops on both 
shafts. NOTE: The pilot (41-P-402-100) is no longer an item of 
issue, and is included for information only. The operation can be 
performed without use of the pilot. 

(13) Install Camshaft Eccentric Spacer. Position eccentric 
on front end of camshaft so that Woodruff key in camshaft will enter 
key slot in eccentric. NOTE: On IC series this eccentric drives the 
fuel pump: on 3G series it is used only as spacer. Tap eccentric on 
front end of camshaft over Woodruff key until end of eccentric con- 
tacts front end of camshaft sprocket. Install a new toothed lock 
washer and install nut to hold eccentric and sprocket on front end of 
camshaft (fig. 62). Tighten nut to from 80 to 85 foot-pounds, using a 
torque wrench. 

(14) Install Engine Front Cover. Install a new front cover 
gasket on front end of crankcase. Tear off bottom cross piece of 
gasket (fig. 63). This crosspiece is perforated for easy removal. 
Place oil slinger on front end of crankshaft. Position cover on front 
end of crankcase. Install nine screws holding cover to crankcase and 
tighten to from 15 to 18 foot-pounds. 
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Figure 62 — Installing Eccentric Spacer 

(15) Install Drive Pulley. Position belt drive pulley on front 
end of crankshaft so that Woodruff key lines up with slot, and tap 
pulley into place. Install flat washer, lock washer, and screw hold- 
ing pulley to front end of crankshaft, and tighten screw to from 95 
to 100 foot-pounds. 

(16) Install Valves. Position No. 1 cylinder exhaust valve in 
valve guide and check distance from bottom end of valve stem to heel 
of lobe on camshaft, using valve stem length gage (41-G-504) (fig. 
64). This distance should be a minimum of 3.000 inches. Check 
gage before using. If tool will not slide freely between lower end of 
valve stem and heel of cam, end of valve stem should be ground off 
square until 3.000 to 3.020-inch clearance is obtained. Install valve stem 
lock installer adapter on valve lifter (41-L-1425). Position two valve 
stem locks in installer adapter on valve lifter (fig. 65). Place upper 
valve spring seat, valve spring, and lower valve spring seat (fig. 66) 
in position in crankcase around valve stem. While supporting valve 
spring and upper and lower seats in place around valve stem, install 
valve lifter on valve. Pointed end of valve lifter should be positioned 
in center hole on valve head, and hollow end of tool should be posi- 
tioned beneath lower end of valve stem. Line up lower end of valve 
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Figure 63 — Front Cover Gasket 

lifter so that valve stem is directly over hole in installer adapter, and 
compress valve spring slowly until valve locks snap into place in 
grooves in valve stem. Loosen valve replacer by rotating handle 
until valve spring pressure is released, and remove lifter from valve. 
Release slowly, making sure valve locks are in proper position. Re- 
peat the above steps for each of the other 15 valves. CAUTION: 
Keep tool in exact alinement with valve. A click will be heard when 
valve locks enter grooves in valve stem. Do not compress valve 
springs further after hearing click. NOTE: The special valve lifter 
(41-L-1425) has been superseded by valve lifter (41-L-1408), from 
third echelon tool-set No. 1. If lifter 41-L-1408 is used, the valve 
stem locks must be installed by hand. 

(17) Install Valve Lifter Guide Assemblies. Using a socket 
wrench on fan pulley mounting screw, rotate crankshaft until cams 
for intake and exhaust valves on cylinders Nos. 1 and 3 point away 
from ends of valve stems; that is, so that all four valves will be closed 
after valve lifters are installed. Place guide assembly over camshaft 
with plunger ends pointing toward valves. Hold assembly firmly in 
this position and compress hydraulic plungers with screwdriver enough 
so that they slide under valve stems (fig. 67). Line up mounting 
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GAGE {41-G-504) VALVE STEAAS 




180° FROM LOBE "7 CAMSHAFT RAPd''331536 



Figure 64 — Checking Valve Stem Length 

holes with a drift punch and install lock plate and screws. Tighten 
screws to from 45 to 50 foot-pounds. Bend up edges of lock plate to 
keep screws from loosening. Repeat this operation for the other 
three lifter guide assemblies. NOTE: After installing last lifter 
guide assembly, rotate crankshaft until No. 1 piston is at top dead 
center and both valves are closed. Crankshaft must be in this posi- 
tion when distributor support is installed as in step (18) below. Place 
the two oil baffles over the lifter guide assemblies and install mount- 
ing screws and washers. Tighten screws to from 10 to 12 foot-pounds. 
Connect the two oil feed lines from lifter guide assemblies to the 
center bulkhead on crankcase. 

(18) Install Distributor Support. Check to make sure that 
No. 1 piston is on top dead center with both valves closed. Assemble 
distributor to distributor support, and position it approximately in the 
center of the timing adjustment range. Hold support just above 
mounting hole and turn shaft until distributor rotor points toward 
No. 1 insert in distributor cap. Lower support into place, meshing 
drive gear with the idler gear (fig. 68). Recheck position of rotor 
after gears are fully meshed and remesh if incorrect. Install two 
distributor support housing mounting screws and tighten to from 15 
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Figure 65 — Inserting Valve Stem Locks 

to 18 foot-pounds. Remove distributor from support so that it will 
not interfere with further engine assembly. 

(19) Install Valve Compartment Covers. Place two new 
valve compartment cover gaskets on crankcase. Position valve com- 
partment covers over gaskets and install mounting screws and wash- 
ers. Tighten screw to from 3 to 5 foot-pounds. Install oil feed pipe 
from center bulkhead to oil header on side of crankcase. Using two 
new gaskets on valve covers, install crankcase ventilating conduits 
(IG series) or ventilating tubes (3G series) and install mounting 
screws. Turn screws up just enough to tighten. 

(20) Install Cylinder Heads. Coat new cylinder head gasket 
with joint and thread compound, and position on cylinder block. 
NOTE: Be sure surfaces of block and head are clean and free of 
carbon or other uneven particles. Position cylinder head over gasket, 
being careful not to damage gasket or valves. Install all screws with 
the exception of the two that hold water outlet elbow. Be sure engine 
lifting ring (on 3G series) is in proper location on cylinder head (fig. 
69). CAUTION: The two screws that hold outlet elbows to cylinder 
head, have special heads, are longer than the other screws, and must 
not be used in any other position, or else cylinder block may be 



79 



TM 9-1729A 
15 

ORDNANCE MAINTENANCE - LIGHT TANKS MS, M5A1, AND M24. 75 MM HOWITZER MOTOR CARRIAGE 
M8, AND TWIN 40 MM GUN MOTOR CARRIAGE M19: ENGINES. COOLING SYSTEMS AND FUEL SYSTEMS 




Figure 66 — Valves and Springs 



damaged. Coat a new water outlet elbow gasket with joint and thread 
compound and position on cylinder head. Place outlet elbow oyer 
gasket and install the two long cylinder head screws with the special 
heads. Tighten all cylinder head screws to from 70 to 75 foot-pounds 
torque. CAUTION: Cylinder head screws rrjust be tightened evenly 
and in the order shown in figure 69. 

(21) Install Fuel Pump (1G Series). Install a new fuel 
pump gasket on fuel pump mounting boss on engine front cover. 
Turn engine until eccentric is in downward position. Position fuel 
pump on engine front cover so that the operating arm extends down- 
ward inside front cover and rests on fuel pump eccentric. Install two 
cap screws holding fuel pump to front cover. Tighten screws to from 
15 to 18 foot-pounds. 

(22) Install Intake Manifold. On 3G series engines only, 
position fan shaft universal joint trunnions and shaft against yoke at 
rear end of intake manifold. Install four screws holding yoke and 
trunnions together and bend over lock plates. Position fan shaft 
trunnions, shaft, and generator drive flange against yoke at front end 
of intake manifold. Install four screws holding yoke and trunnions 
together, and bend lock plates over screws. NOTE: Screws should 
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Figure 67 — Installing Valve Lifter Guide Assemblies 

be tightened to from 10 to 12 foot-pounds. On all series engines, 
clean gasket surfaces on crankcase and manifold. Place two new in- 
take and exhaust manifold gaskets on crankcase. Lower intake mani- 
fold into position on crankcase. Install four screws holding intake 
manifold to cylinder block. Using a torque wrench, tighten screws 
to from 25 to 30 foot-pounds. 

(23) Install Exhaust Manifolds. Position both exhaust 
manifolds on gaskets and install intake and exhaust manifold clamps 
and clamp nuts. Using a torque wrench, tighten nuts to from 25 to 
30 foot-pounds. NOTE: On 3G series, leave the four center nuts 
off so that the spark plug wire support may be installed later. 

(24) Install Water Pump. Coat a new water pump gasket 
with joint and thread compound and position gasket on water pump 
mounting boss on front end of crankcase. Position water pump on 
gasket and install five mounting screws and lock washers. Tighten 
screws to from 15 to 18 foot-pounds. Connect by-pass hose on left 
cylinder outlet elbow to water pump connection (IG series). Con- 
nect pipe from transmission oil cooler to elbow on pump body ( IG 
series only). Connect by-pass hose on right cylinder outlet elbow and 
water pump inlet tube (3G series). Connect inlet tube to water 
pump (3G series). Tighten hose clamps securely. 
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ENGINE TURNED TO NO. 1 IDLER GEAR RAPD 331539 
FIRING CENTER 



Figure 68 — Installing Distributor Support 

(25) Install Muffler and Exhaust Pipe (1G Series Only). 
Position muffler and pipe assembly on front of engine, so that studs 
on crankcase enter holes in support brackets. Install nuts on each of 
the four support bracket studs and tighten to from 25 to 30 foot- 
pounds. Place a new gasket between flange on exhaust manifold and 
muffler inlet pipe and install four screws. Position shield on muffler 
and install two screws and lock washers. NOTE: Muffler for 3G 
series engines is not installed until after engine is installed in vehicle. 

(26) Install Engine Oil Pressure Warning Signal Unit. 
Install engine oil pressure warning signal unit in fitting at rear of the 
engine vee. 

(27) Install Oil Pump. Turn engine upside down in engine 
stand. Place a new gasket over the oil pump mounting studs. Posi- 
tion oil pump and adapter on oil pump mounting studs in crankcSse. 
NOTE: Be careful wtien installing oil pump to line up slot in drive 
shaft with tongue on distributor drive shaft. Install oil pump mount- 
ing nuts on studs and tighten to from 25 to 30 foot-pounds. 

(28) Install Oil Pan. Install a new set of oil pan gaskets on 
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Figure 69 — Tightening Cylinder Head Screws, 3G Series 

bottom of crankcase. Position oil pan on gaskets and install screws 
holding oil pan to crankcase, front cover, and rear main bearing, cap. 
Tighten screws to from 7 to 10 foot-pounds, using a torque wrench. 
Turn engine right side up in engine overhaul stand. 

(29) Mount Transmission on Engine. NOTE: Before in- 
stalling the transmission on the engine, check the serial number on the 
upper flywheel housing to be sure it is identical with the serial number 
on the engine block. The engine block and upper flywheel housing 
are machined as a unit and must not be separated. Position a new 
flywheel cover gasket on flywheel and cement it in place with rubber 
cement. Nothing but rubber cement should be used on this gasket. 
Install transmission lifting eye (41-B-1586-300) in threaded hole in 
top of transmission (fig. 17). Connect hoist to transmission lifting eye 
and bring transmission into position behind engine. Line up dowel 
pins on rear end of crankcase with holes in flywheel housing and dowel 
pins on flywheel with holes on flywheel cover, and slide transmission 
and housing on dowel pins. Take care not to damage gasket. 

(30) Attach Transmission to Engine. Install six screws hold- 
ing flywheel housing to crankcase and tighten to from 45 to 50 foot- 
pounds, using a torque wrench. Tighten lower bolts first, upper bolts 
last. Insert a punch through a screw hole in flyvi^heel cover to line up 
cover holes properly with flywheel holes and dowel pins. Install 4 
screws, 90 degrees apart, tighten to 15 foot-pounds, to hold cover in 
position while installing the other 26 screws. Use a socket wrench 
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installed on the fan and generator pulley mounting screw to rotate 
crankshaft. Tighten all screws holding flywheel cover to flywheel to 
a torque tightness of from 25 to 30 foot-pounds on IG series, and 40 
to 45 foot-pounds on 3G series. Remove lifting eye from top of trans- 
mission case. Position lower flywheel cover over flywheel and install 
six mounting screws. Tighten screws to from 15 to 18 foot-pounds. 

(31) Connect Engine and Transmission Connections. On 
IG series, connect throttle rod from throttle valve lever on transmis- 
sion to relay on flywheel housing. Connect warning signal switch wire 
on transmission and push conduit into clip on side cover. On 3G 
series, connect vacuum line at fitting on intake manifold and elbow on 
transmission case. On 3G series, slide filler tube into transmission 
case, install screw and washer, and connect hose clamp on transmis- 
sion and engine oil filler tubes. Slide filler tube upper mounting 
bracket on rear manifold stud and install nut. Connect right and left 
oil cooler lines at transmission oil pan fittings, engine block, and water 
pump. 

(32) Install Accessories. Install the following engine acces- 
sories: carburetor, oil filter assembly, generator, distributor, coil, spark 
plugs and connecting wires, and cranking motor (TM 9-729 for M24 
engines, TM 9-757 for M19 engines, TM 9-732 for M5, M5A1, and 
TM 9-732B for M8). 



Section V 
TEST AND ADJUSTMENT 

16. TESTS AND ADJUSTMENTS ON ENGINE. 

a. Before-test A<lju8tnient8. Before testing engine, the follow- 
ing items must be checked and adjusted according to the procedures 
in the pertinent TM's, in order to make sure that the engine is op- 
erating at peak performance : 

(1) Adjust carburetor. 

(2) Adjust transmission throttle linkage to carburetor (IG series 
only). 

(3) Set distributor timing, using a synchroscope, 
h. Run-in Schedule. 

(1) Complete Schedule. Engines on which new pistons have 
been installed and cylinder bores reconditioned will be run-in so that 
they will be ready for any type of use when installed. It may be 
necessary to momentarily speed up the engine to 2,100 revolutions per 
minute with no load in order to insure transmission shift to 4th gear 
before starting dynamometer run. The following test schedule is 
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based on engine complete — all accessories, including air cleaners, gen- 
erator, cooling fan, exhaust muffler, hydromatic transmission, water 
pump, and fuel pump. 



Time ENGINE B.H.P. 

Period Minutei R.P.M. Approx. 

1 15-- 1,000 None 

-2 15 1,000 5 

*3 30 1.500 10 

4 30 2,000 15 

5 30 2,500 25 

-6 30 2,800 35 

7 30 3.000 40 

-8 30 3,100 45 

*9 30 3,200 50 

10 30 3,300 55 

-11 30 3,400 60 

12 30 3,500 65 

13 30 3,600 70 

14 30 3.700 75 

15 30 3,800 80 

16 30 4.000 90 

17 5 4,000 Full 

Throttle 



Engine to produce a minimum of 110 B.H.P. (corrected to 
standard conditions) during period 17. 

(2) Be sure that the transmisson is in fourth gear during all 
dynamometer checking. Since a fluid coupling is used in the trans- 
mission, both engine and transmission speed must be measured and 
dynamometer speed used in computing brake horsepower. The trans- 
mission throttle linkage must be connected and adjusted. 

(3) Conditions of Run-in. The run-in schedule shall be made 
under the following conditions and must include the following adjust- 
ments: 

(a) Water temperature not lower than 160° F, or higher than 
approximately 170° F. 

(b) Crankcase filled with eight quarts of engine oil, SAE 10. 

(c) Oil must be changed when the engine has run up to 3500 
revolutions per minute, or a total of SVi hours, and also when the 
full 8 hour test has been completed. This means that oil is changed 
once for engines run-in a total of 5 V2 hours, and twice for engines 
given the complete run-in. When the engine has been run-in up to 

*NOTE: Periods 2, 3, 6, S, 9, and 11 can be eliminated during test run provided engine 
has been equipped during overhaul with chroi»ium'pIated upper compression ring. This ring 
carries the same part number as the old type unplated ring and can orily be identified by 
visual inspection. A chrome-plated ring will have chromium on the cylinder-contacting lace 
ot the ring, which is highly polished bright metal, and the body of the ring will be grey iron. 
The line of demarcation between these two metals' can be clearly seen. . 

**Until valve liftpi% become quiet. 
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3500 revolutions per minute, or a total of 5V2 hours, and the oil is 
changed, the oil pan and oil pan baffle must be removed and cleaned 
thoroughly before adding new oil. 

(d) Keep records of oil consumption during the run-in schedule. 
Consumption should not exceed 2V2 pints fc. the full 8 hour run. If 
oil consumption exceeds this figure, the engine shall be disassembled, 
and a check made to see that piston rings and bearings are seating 
properly. 

(e) Cylinder heads must be removed and cylinder walls inspected 
for indications of scuffing. Scuffing appears as a group of tiny 
scratches on cylinder walls due to improper seating of pistons and 
rings. Scuffing which can be seen but not felt when rubbing a finger 
across the mark on the cylinder wall may be disregarded, as any 
scratches which are too light to be felt will not hamper engine per- 
formance. If any deeper scuffs, which can be felt by hand are en- 
countered, the engine shall be disassembled and cylinder walls recon- 
ditioned (par. 7 (I). After the scuffing inspection, cylinder heads and 
gaskets shall be reinstalled. If original cylinder head gaskets are used, 
the mounting screws should be tightened only to 65 foot-pounds. If 
new gaskets are used, engine must be run for 15 minutes at 2500 
revolutions per minute at normal load and the cylinder head screws 
retightened to 70 foot-pounds at the end of the 15-minute run. Gasket 
sealer must be used on cylinder head gaskets in all cases. 

<•. Oil Pressure Inspeclion. 

(1) Normal Pressure. The engine oil pressure should be at 
least 15 pounds at idle speed and 30 pounds at normal operating 
speed, as measured with direct reading oil gage, connected to the 
front of the oil header on the cylinder block. NOTE: An electric 
oil gage connected to the oil pressure indicator on the rear of the en- 
gine "V" should not be used due to the possibility of faulty oil pres- 
sure indicator. 

(2) Low Pressure. Low engine oil pressure is usually an indi- 
cation of a faulty oil pump. Remove and disassemble oil pump and 
check the regulator spring tension and gear clearance (par. 13). 

(3) Transmission Oil Pressure. Oil pressure in the Hydra- 
Matic transmission should be at least 85 pounds when engine is run- 
ning approximately 1000 revolutions per minute, and transmission oil 
is hot. Diagnosis and correction of low oil pressure in the transmis- 
sion is covered in TM 9-1729B. 

•I. (]otn|>res8ion Pressure. The compression pressure of the en- 
gines should be checked at cranking speed and at 1000 revolutions per 
minute, using a standard compression gage screwed into one of the 
spark plug holes in the cylinder head. The compression pressure at 
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cranking speed should be 100 pounds; at 1000 revolutions per minute 
it should be 175 pounds. If the compression pressure falls below 90 
pounds at cranking speed, or 160 pounds at 1000 revolutions per min- 
ute, the engine should be disassembled and a check made to see that 
the valves are seating properly, are not sticking, and have specified 
clearance at the stems. 

e. Engine Noises. The personnel whose duty it is to test engines 
on the test stand should be constantly on the alert for any unusual 
noises which might indicate incorrect operation of any of the various 
units. 

f. Leakage Inspection. While the engine is being run on the 
test stand, watch for any signs of gasoline, oil, or water leakage, either 
from the engine itself or from the connections on the engine test stand. 
As soon as any leakage is discovered, the engine should be stopped 
and the cause of the leakage determined and corrected at once. 
CAUTION: Do not operate the engine after leakage has been noted, 
due to danger of fire in the case of fuel leakage and damage to the 
engine in the case of oil or water leakage. 



Section VI 
FITS AND TOLERANCES 



17. FITS AND TOLERANCES. 

a. Clearances. 

( 1 ) Camshaft. 

Bushing clearance 0.0015 to 0.0033 in. 

Bushing run-out, not over 0.0025 in. 

Diameter of journal: 

No. 1 journal 2.4071 to 2.4078 in. 

No. 2 journal 2.4071 to 2.4078 in. 

No. 3 journal 2.0009 to 2.0016 in. 

Diameter of bushing in block: 

No. 1 bushing 2.4093 to 2.4104 in. 

No. 2 bushing 2.4093 to 2.4104 in. 

No. 3 bushing 2.0031 to 2.0042 in. 

Allowable undersize for regrinding None 

Allowable maximum run-out when supported on V-block 0.0025 in. 

Permissible wear of lobes from heel to toe 0.002 in. 

Straighten if run-out is more than 0.0025 in. 

Allowable run-out of base circle of cam 0.001 in. 

Interference O.D. of bushing to I.D. of case 0.0037 to 0.004 in. 
End play of camshaft when installed 0.008 to 0.010 in. 
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(2) Connecting Rods and Connecting Rod Bearings. 



Clearance between bearing and crankshaft , . 0.0005 to 0.0020 in. 
Side clearance of connecting rod bearing to 

crankshaft 0.008 to 0.014 in. 

Diameter of lower end without bearing 2.5845 to 2.5850 in. 

Diameter of bearing installed in rod 2.4600 to 2.4610 in. 

Maximum amount allowable removable from parting 

surface of: 

Cap None 

Rod None 

Maximum out-of-round (horizontal) 0.0005 in. 

Diameter of piston pin hole 0.9295 to 0.9305 in. 

Allowable twist of connecting rod 0.002 in. 

Correction can be made by straightening 

Balance of rod within oz 

Total weight of rod (less bearings) 2.2118 to 2.224 lb 

Thickness of connecting rod bearing: 

Standard 0.06225 in. 

0.010 in. undersize 0.06725 in. 

0.020 in. undersize 0.07225 in. 

0.030 in. undersize 0.07725 in. 

(3) Cylinder Head. 

Maximum allowable warpage, full length 0.010 in. 

(4) Crankshaft and Crankshaft Bearings. 
Connecting rod bearing journal — 

Standard 2.4590 to 2.4595 in. 

0.010 in. undersize ' 2.4490 to 2.4495 in. 

0.020 in. undersize 2.4390 to 2.4395 in. 

0.030 in. undersize 2.4290 to 2.4295 in. 

Connecting rod bearing journal 
out-of-round — 

Maximum, new or reground shaft 0.00025 in. 

Maximum, used shaft 0.0010 in. 

Crankshaft bearing journal — 

Standard 2.4990 to 2.4995 in. 

0.010 in. undersize 2.4890 to 2.4895 in. 

0.020 in. undersize 2.4790 to 2.4795 in. 

0.030 in. undersize 2.4690 to 2.4695 in. 
Crankshaft bearing journal out-of-round — 

Maximum, new or reground shaft 0.00025 in. 

Maximum, used shaft 0.001 in. 

Crankshaft bearing clearance 0.0015 to 0.0025 in. 

End play in crankshaft (bearings installed) . 0.001 to 0.005 in. 

Run-out of flywheel mounting face 0.002 in. 

88 



TM 9-1729A 
17 



ENGINE 

Run-out of flywheel face when mounted on crankshaft . 0.003 in. 
Inside diameter of crankshaft bearings when 



installed at proper torque tightness: 

Vertical 2.5003 to 2.5015 in. 

Horizontal ' . 2.5013 to 2.5025 in. 

I.D. bearing bore (less bearings) 

at proper torque tightness 2.7493 to 2.7500 in. 

Amount of bearing crush 0.0000 to 0.0015 in. 

Maximum amount removable from machined 

parting surface of caps and block None 

Thickness of bearing: 

Standard 0.12425 to 0.12450 in. 

0.010 in undersize 0.12925 to 0.12950 in. 

0.020 in undersize 0.13425 to 0.13450 in. 

0.030 in. undersize 0.13925 to 0.13950 in. 

Over-all width of center bearing at thrust surfaces: 

Standard 1.372 to 1.374 in. 

0.010 in. undersize 1.372 to 1.374 in. 

0.020 in. undersize 1.382 to 1.384 in. 

0.030 in. undersize 1.382 to 1.384 in. 

Thickness of lead coating on bearing thrust 

surfaces 0.002 to 0.010 in. 

Thickness of lead coating in bearing liner ; 0.002 to 0.0025 in. 

(5) Cylinders and Block. 

Diameter, standard 3.500 to 3.5020 in.* 

Out-of-round, new blocks, not over 0.0005 in. 

Taper, new blocks, not over 0.0007 in. 

Taper, worn limit, not over 0.004 in. 

Maximum pressure per sq. in. for testing block for leaks 17 lb 

Maximum allowable warpage, full length of block 0.010 in. 

(6) Oil Pump. 

Backlash between drive gears, not over 0.008 to 0.012 in. 

Clearance between pump body and drive 

shaft 0.0010 to 0.0025 in. 

Clearance between pump body and gears 0.003 to 0.005 in. 

End play in pump gears 0.001 to 0.004 in. 
Oil pressure regulator spring: 

Free length (approx.) 2-')|,4 in. 

Pressure at 1^%2 'n SVi to dV^ lb 

Clearance between regulator valve plunger and 

housing 0.0020 to 0.0035 in. 

Output of pump Approx. 2.5 gal./min 

@ 1000 rpm @ 30 lb 



*Pistons are selected for installation in new engines from seven closely ranged 
sizes to keep clearances within limits. 
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Inside diameter of body 1.499 to 1.500 in. 

Drive shaft diameter 0.4979 to 0.4984 in. 

Driven shaft diameter 0.4979 to 0.4984 in. 

( 7 ) Pistons. 
Piston diameter: 

Standard 3.4966 to 3.4986 in.* 

0.020 in. oversize 3.5166 to 3.5186 in. 

0.040 in. oversize 3.5366 to 3.5386 in. 

Clearance, piston to bore 0.0032 to 0.0036 in. 

Weight, piston only 1.151 lb 

Width of ring groove 

Groove No. 1 — ^top 0.0802 to 0.0810 in. 

Groove No. 2 0.0802 to 0.0810 in. 

Groove No. 3 0.1878 to 0.1886 in. 

(8) Piston Pins. 

Clearance between pin and bushing 0.0002 to 0.0008 in. 

Clearance between pin and piston 0.00005 to 0.0001 in. 

Diameter of pin: 

Standard 0.8742 to 0.8745 in. 

0.005 in oversize 0.8792 to 0.8795 in. 

Piston pin bore diameter in piston 0.8743 to 0.8745 in. 

(9) Piston Rings. 

Clearance between rings and sides of grooves in piston: 

Top compression ring 0.0022 to 0.0035 in. 

Bottom compression ring 0.0022 to 0.0035 in. 

Oil ring 0.0013 to 0.0026 in. 

Gap between ends in cylinder (new or reconditioned) 

Compression rings 0.007 to 0.023 in. 

Oil ring 0.007 to 0.023 in. 

Worn limit, not over 0.060 in. 

(10) Timing Chain. 

Slack at center line of chains Vs to % in. 

(11) Valve Lifter Guide. 

I.D. of guide bore 0.7198 to 0.7201 in. 

Clearance between valve lifter and lifter 

guide 0.0015 to 0.0028 in. 

O.D. of valve lifter 0.7173 to 0.7182 in. 

Clearance between valve lifter and plunger 

unit 0.0025 to 0.0055 in. 

0. D. of plunger unit 0.5910 to 0.5920 in. 

1. D. of valve lifter 0.5945 to 0.5965 in. 

Clearance between cylinder and plunger matched set 



*Pistons are selected for installation in new engines from seven closely ranged 
sizes to keep clearances within limits. 
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( 12 ) Exhaust Valves. 

Clearance between stem and guide 0.0022 to 0.0042 in. 

Head diameter, over-all 1.626 to 1.636 in. 

Stem length, over-all (new) 5'%4 in. 

Stem diameter 0.3405 to 0.3415 in. 

Lift 0.345 in. 

Seat angle 45° 

Seat width (minimum) %4 in. 

Seat eccentricity, not over (total indicator reading). '.. 0.002 in. 
Minimum thickness of valve head after refacing '/a^ 

(13) Intake Valves. 

Clearance between stem and guide 0.0012 to 0.0032 in. 

Head diameter, over-all 1.876 to 1.886 in. 

Stem length, over-all (new) 5'''V,4 in. 

Stem diameter 0.3415 to 0.3425 in. 

Lift 0.335 in. 

Seat angle 45° 

Seat width (minimum) •){;4 in. 

Seat eccentricity, not over (total indicator reading) 0.002 in. 

Minimum thickness of valve head after refacing, '/ii; 

(14) Valve Guides. 

I.D. of valve guide 0.3437 to 0.3447 in. 

Maximum wear 0.004 in. 

Interference O.D. of valve guide 

and I.D. of cylinder bore 0.0010 to 0.0015 in. 

(15) Valve Springs. 

Free length 2.210 in. 

Pressure in pounds : 

Compressed to l"''}i;4 in. (valve closed) 60 to 67 lb 

Compressed to l"^,;-t 'i- (valve open) 139.5 to 150.5 lb 



It. Torque Tightnesses. 



Torque 
Tightnets 
(f»-16) 





Thread Size 




Mox. 


Camshaft sprocket nut 


y4-i6 


80 


85 


Camshaft thrust plate screws 




15 


18 


Choke heater screws 


V4-20 


10 


12 


Connecting rod screws 


Special 


60 


65 


Crankcase ventilator conduit screws (IG series) 


'74-20 


1 


2 


(3G Series) 


V4-2O 


5 


6 


Crankshaft counterweight screws 


5/8-18 


145 


155 


Crankshaft pulley screw 


5/8-18 


95 


100 


Cylinder head screws 


•/.•,-14 


70 


75 
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(initial) 

65 70 

(retightening) 

Distributor clamp arm screw V*-20 10 12 

Distributor support screws ''i «■ 

18 15 18 

Engine support to cushion Vi ii-20 55 60 

Engine to engine support cushion y2-20 100 110 

Exhaust manifold connection screws y8-16 25 30 

Exhaust manifold nuts %-24 25 30 

Fan support nuts ( IG series) Vs-ll 85 95 

Flywheel to crankshaft cap screws >i(i-20 70 75 

Flywheel cover screws ( IG series) •>! (j-24 25 30 

(3G series and late IG) %-24 40 45 

Flywheel upper housing screws Vic-14 45 50 

Fuel pump screws ( IG series) '^itj-lS 15 18 

Generator screws ( IG series) !i(i-14 45 50 

Generator cradle (3G series) V2-13 80 85 

Intake manifold screws y8-16 25 30 

Crankshaft bearing cap screws ')i(i-12 130 140 

Muffler mounting nuts (IG series) ')ir.-24 25 30 

Oil filler tube bracket screws yiii-lS 15 18 

Oil pan baffle support screws ¥4-28 10 12 

Oil pan drain plug ( IG series) V2-20 10 15 

(3G series) 5/8-18 35 40 

Oil pan screws yic-lS 7 10 

Oil pump adapter mounting nuts y8-24 25 30 

Oil pump and distributor idler gear screw %,;-24 15 18 

Spark plugs 10-mm 7 10 

Starter screws "/in-l^ 45 50 

Front cover screws '/An 

-18 15 18 

Valve compartment cover screws V4-20 3 5 

Valve lifter bracket baffle screws ¥4-20 10 12 

Valve lifter bracket screws '/i (-,-14 45 50 

Water pump screws %«- 

18 15 18 
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COOLING SYSTEM 

Section I 
DESCRIPTION AND DATA 

18. DESCRIPTION. 

a. Complete Systems. Two identical but completely indepen- 
dent cooling systems, one for each engine and Hydra-Matic transmis- 
sion, are used in these vehicles. Each system contains the following 
major units: radiator with pressure cap and overflow valve, water 
pump, thermostat and necessary connections and by-pass, engine fan, 
and an oil cooler for the Hydra-Matic transmission. 

b. Radiators. The radiators are each mounted in a horizontal 
position above their respective engines in the IG series (fig. 70). On 
the 3G series, the radiators are mounted in a position tilted slightly 
from the vertical just ahead of their respective engines and just over 
the Hydra-Matic transmissions (fig. 71). Each radiator consists of a 
core of tube-and-fin construction, with an inlet and outlet tank bolted 
to the top and the bottom of the core respectively. The inlet tank 
incorporates both the filler neck and the thermostat housing to which 
the engine-to-radiator hoses are connected. The outlet tank incor- 
porates the elbow to which the radiator-to-water pump hoses and tube 
are connected. 

c. Filler Caps. The radiator filler cap is provided with a pres- 
sure-operated vent valve. Fluid must pass through this vent valve in 
order to reach the overflow pipe and pass out of the cooling system. 
Since a pressure of 15 pounds is required to open the vent valve, the 
boiling point of the cooling solution is raised to approximately 250° F, 
making the loss of coolant, and particularly antifreeze compound, less 
likely under severe operating conditions. 

d. Water Pump. The water pump is mounted on the right en- 
gine block and driven from the crankshaft by the V-belts, one on IG 
series and three on 3G series, that also drive the generator (figs. 5 
and 7). The water pump shaft carries a vaned imp>eller which forces 
the water through the system. Chevron type, spring-loaded packings 
prevent leakage of coolant around the shaft. 

e. Thermostat. A blocking type, bimetal thermostat is mounted 
in the inlet elbow of each radiator. This thermostat is equipped with 
balanced double poppet valves to control water temperature by regu- 
lating the flow of coolant from cylinder heads to. radiator. A fixed 
by-pass circulates coolant back to water pump when thermostat is 
closed. Cooling fluid is drawn from radiator outlet back to water 
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pump through a long tube and connecting hoses, and is returned 
through hoses connecting the outlet elbows on each cylinder head 
with the thermostat housing on the radiator inlet tank. 

f. Engine Fan. The engine fan on the IG series is mounted on 
an adjustable support on' the engine front cover, and is driven at 
crankshaft speed by a V-belt direct from the crankshaft. The engine 
fan on the 3G series is carried in a mounting bracket attached to the 
radiator at the rear. The fan is driven by a drive shaft mounted in 
ball bearings under the intake manifold through a universal joint and 
yoke connected to the pulley on the generator. A second universal 
joint and yoked shaft connect the fan to the drive shaft at the radia- 
tor end. 

19. OPERATION. 

a. When the engine is running, coolant, is drawn from the outlet 
tank of the radiator by the water pump and forced into the engine 
water jackets. Part of this fluid circulates through the right-hand 
cylinder block and head, and part of it passes through a cored open- 
ing in the crankcase to the left-hand cylinder block and head. After 
circulating through the cylinder blocks, around the valves and mani- 
folds and through the cylinder heads, the heated liquid is forced up 
through the outlet hoses to the radiator. 

b. When the engine is first started and the coolant is cold, the 
thermostat located in the radiator inlet housing is closed and the 
pump pressure causes the liquid to flow across the by-pass hose back 
to the water pump. With no circulation through the radiator, the 
engine is rapidly warmed to operating temperatures. 

V. As the engine approaches operating temperatures, the heated 
liquid causes the thermostat to open and permit flow through the 
radiator. The thermostat opening increases as the temperature in- 
creases, until there is a full flow of cooling liquid through the radiator 
as the engine reaches normal operating temperature. 

d. Water pump pressure also forces some cooling liquid through 
an external pipe at the rear of the right-hand cylinder, block to the 
transmission oil cooler, where it absorbs heat from the transmission 
oil, and is then returned through an external pipe to the water pump, 
on IG series, and to the water pump return pipe on 3G series. 

e. On IG series engines, rotation of the fan draws air in through 
a grilled opening in the engine compartment roof and through hinged 
openings at the top of the bulkhead in the fighting compartment. 
This air passes down through the radiator cores, across the top of the 
engines, and out through fan shrouds and the grille just below the 
engine compartment door. On 3G series engines, rotation of the fan 
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draws air in through an armor-protected opening at the front of the 
engine compartment roof, and through armored inlets on the fuel tank 
compartment covers. This air then passes through the differential 
oil cooler and radiator cores, across the top of the engines and out 
through an armor-protected opening in the engine compartment roof 
at the rear. 



20. DATA. 

a. Fan. 

MS and MS 

Blades, angle 32 deg 

Blades, diameter 22 in. 

Blades, number of 4 

Drive V-belt 

Drive ratio 1 to 1 

Lubrication None 

Manufacturer Hayes 

b. Radiator. 

Capacity, each complete 

system 35 qt 

Core area 672 sq in. 

Manufacturer Harrison 

Type Tube-and-fin 

c. Thermostat. 

Location Radiator inlet 

housing 

Manufacturer Dole 

Opening temperature 

First type 161 to 166° F 

Second type 141 to 146° F 

Type Bimetal 

d. Water Pump. 

Drive Belt 

Lubrication Fitting 

Packings Spring-loaded 

chevron type 

Type Centrifugal 



Ml 9 and M24 

32 deg 
21 in. 
4 

Belts, drive shaft and 

universal joints 

1.1 to 1 

None 

Hayes 



40 qt 

540.5 sq in. 

Harrison 

Tube-and-fin 



Radiator inlet 

housing 

Dole 

141 to 146° F 
Bimetal 



Triple belt 
Fitting 

Spring-loaded 
chevron type 
Centrifugal 
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Section II 

DISASSEMBLY, CLEANING, INSPECTION, REPAIR, 
AND ASSEMBLY OF SUBASSEMBLIES 

21. FAN AND SHROUD ASSEMBLY, 
a. Removal. 

(1) IG Series. Removal of fan and fan shrouds on vehicles with 
IG series engines is covered in TM 9-732 and TM 9-732B. 

(2) 3G Series. Removal of fan and fan shrouds on vehicles with 
3G series engines can be performed when either the radiator or the 
engine is out of the vehicle. If radiator is out, remove fan shroud 
from radiator after taking out four attaching nuts, washers and bolts, 
and remove fan and bracket assembly from vehicle by sliding fan- 
shaft out of drive yoke after loosening knurled packing nut (fig. 72). 
If engine is out, remove fan and bracket assembly by taking out eight 
cap screws and lock washers holding bracket to shroud, and remove 
shroud by taking out four attaching nuts, washers and bolts. 

h. Di8a§8embly. 

(1) Disassemble Fan Shrouds. Disassembly of fan shrouds 
on vehicles with IG series engines is accomplished along with their 




RA PD 331320 

Figure 72 - Loosening Fan Shaft Packing Nut 
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BLADE ASS'Y 




i 

t 



PULLEY ASS'Y 




BLADE ASS'Y 



1ST TYPE 



^ -J CM 
■ ^ 




" — BELT 



2ND TYPE 



RA PD 331550 



Figure 73 — Fan and Brackef Assemblies, 1G Series, Disassembled View 

removal from the vehicle, as covered in TM 9-732 and TM 9-732B. 
There is no disassembly of the fan shrouds used with 3G series 
engines. 

(2) Disassemble 1G Series Fan (First Type). Remove four 
screws and lock washers holding fan blade assembly and fan drive 
pulley to hub (fig. 73) and remove blade assembly and pulley. Re- 
move lock ring holding fanshaft and bearing in bracket (fig. 74). 
Place fan bracket, shaft and bearing assembly in arbor press, and 
press shaft and bearing assembly out of bracket. Press pulley hub 
off shaft and bearing assembly. NOTE : Some hubs will be welded 
to shaft and cannot be removed. 

(3) Disassemble Fan (Second Type). Remove four screws and 
lock washers holding fan blade assembly to pulley (fig. 73) and re- 
move blade assembly. Remove lock ring holding fan shaft bearing 
and pulley assembly in bracket and, using arbor press, press assembly 
out of bracket. NOTE: The second type shaft bearing and pulley 
assembly cannot be disassembled further. 

(4) Disassemble 3G Series Fan. Remove four screws and lock 
washers holding fan blade assembly to hub. (fig. 75) and remove blade 
assembly. Remove four screws and washers holding universal joint 
to yoke on fan shaft and remove joint. NOTE: Do not attempt fur- 
ther disassembly of universal joint. Remove nut and washers holding 
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LOCK RING FAN HUB FAN BRACKET 

RA PD 331540 

Figure 74 — Removing Lock Ring For Fan Drive Shaft (First Type) 

yoke to shaft and tap off yoke. Remove bearing shield. Place fan 
support on arbor press with fan hub down and press fan shaft and 
front bearing assembly out of rear bearing and support hub. Tap 
rear bearing out of support hub. Remove bearing spacer. 

c. Cleaning. Wash all parts (except bearings) thoroughly in 
dry-cleaning solvent. NOTE: Fan bearings are sealed and do not 
require cleaning or removal of grease. 

d. Inspection and Repair. 

( 1 ) Fan Bracket. Inspect fan bracket for bent condition, cracks 
or fractures, and replace if these conditions exist. Inspect bearing 
bore in fan bracket for nicks or burs, which may be removed with 
crocus cloth. 

(2) Hub Shaft and Bearings. Inspect fan shaft for nicks or 
burs, which can be removed with crocus cloth, or for cracks or frac- 
tures, which make replacement necessary. Inspect pulley mounting 
hub, and replace if cracked or damaged. Spin fan bearings on inner 
race, and check for roughness, tightness, or flat spots. Replace if any 
of these conditions exist. 

(3) Blade Assembly. Inspect fan blade assembly for bent 
blades by placing on a surface plate with one side down and then the 
other, and noting whether each inner corner contacts the plate. 
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RA PD 331541 

Figure 75 — Fan, Bracket, and Shroud Assembly, 3G Series, 
Disassembled View 

Straighten blades, or replace assembly if badly bent. Inspect rivets 
holding blades to spider, and replace complete assembly if any blades 
are loose. 

(4) Pulley (1G Series). Check pulley for cracks, damage or 
warpage, and replace if these conditions exist. Check for nicks or 
dents that might cause belt failure, and clean up with a fine file. 

(5) Shafts and Universal Joints (3G Series). Inspect fan 
shafts and universal joint yokes for concentricity and for wear at the 
splines. Rotate universal joints slowly to check- for wear, looseness or 
roughness, and replace if any of these conditions exist. 

e. Aggemhly. 

(1) Assemble 1G Series Fan (First Type). If pulley hub is 
not welded to shaft, support pulley hub on bed of arbor press and 
press fan shaft through hub until it extends 11/16 inch through hub 
(fig. 76), and then weld in this position. CAUTION: To keep heat 
of welding from damaging bearing, submerge bearing end of shaft in 
heavy oil, or pack bearing and middle part of shaft in wet asbestos. 
Place fan bracket on bed of press, and press shaft and bearing assem- 
bly into bracket until groove on bearing lines up with slot in bracket. 
Install a new fan bearing lock wire through slot in fan bracket. Posi- 
tion fan pulley on mounting hub with concave side of pulley toward 
fan bracket so that mounting screw holes in pulley line up with tapped 
holes for mounting screws in hub. Position fan blade assembly over 
fan pulley, lining up mounting screw holes, and install four mounting 
screws and lock washers. 
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1/8" BEAD WELD 
FIRST TYPE SECOND TYPE 



RA PD 331551 

Figure 76 — Fan Hub Mounting on Shaft, 1G Series 

(2) Assemble 1G Series Fan (Second Type). NOTE: // 
pulley and bub are supplied not assembled to shaft and bearing, first 
bolt pulley to hub, then press shaft and bearing assennbly through hub 
until shaft extends % ^ inch past hub ( fig. 76 ), then weld securely as 
indicated. Position fan bracket in arbor press, and press fan shaft, 
bearing and pulley into bracket until groove in bearing lines up with 
slot in bracket. Install a new fan bearing lock wire through slot in 
bracket. Position blade assembly on pulley and install four attach- 
ing screws and lock washers. 

(3) Assemble 3G Series Fan. Install bearing spacer and rear 
bearing in counterbore in fan support (fig. 75). Place fan support 
and fan shaft, bearing and hub in arbor press, with hub end of fan 
shaft on press bed. Using a short piece of 1-inch pipe, or other suit- 
able spacer, press shaft assembly into rear bearing and fan support. 
Place rear bearing shield over end of shaft, and then install washers, 
universal joint yoke and nut (fig. 75). Tighten nut to 90 foot- 
pounds, assemble universal joint yoke with four screws and washers. 
Position fan blade assembly on hub and install four screws and lock 
washers. 

f. Installation. 

(1) IG Series. Installation of fan and fan shrouds on vehicles 
with IG series engines is covered in TM 9-732 and TM 9-732B. 

(2) 3G Series. Position fan shroud on radiator and attach with 
four nuts, washers and bolts. Position fan and bracket assembly on 
shroud and attach with eight cap screws and lock washers. NOTE: 
This procedure applies either if radiator is out of vehicle or radiator 
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is in and engine is out. Then, as a final step, install ^ngine or radiator 
as covered in TM 9-729. 

22. RADIATOR AND THERMOSTAT. 

a. Disassembly. 

( 1 ) IG Series. 

(a) Remove Seals. Remove large seal from hull side of radiator 
by removing eight screws and three cap screws and washers. Remove 
small seal from opposite side of radiator at outlet end by removing 
cap screw and lock washer. 

(b) Remove Radiator Inlet Tank. Working at radiator inlet end, 
remove 19 nuts and lock washers from bolts, and 13 nuts and lock 
washers from studs. Remove tank and gasket from radiator core 
(fig. 77). Remove drain plug from thermostat housing. Remove 
four screws and lock washers holding thermostat housing to radiator 
tank and remove housing and thermostat. Take thermostat out of 
housing. 

(c) Remove Radiator Outlet Tank. Working at radiator outlet 
end, remove 28 bolts, lock washers and nuts, and 4 nuts and lock 
washers from studs. Remove radiator tank and gaskets from radiator 
core. Remove drain plug from radiator tank. 

(2) 3G Series. 

(a) Remove Inlet and Thermostat Housing. Remove four screws 
and nuts holding fan shroud to radiator and remove shroud. Remove 
four screws and washers holding lower radiator tank outlet to tank 
and discard gasket. Remove four screws and washers holding upper 
radiator inlet housing and thermostat on upper tank, and discard 
gasket. Remove thermostat. 

(b) Remove Radiator Channels. Remove four nuts at top and 
four at bottom of each channel holding channels to radiator assembly 
(fig. 78). Remove mounting nuts for channels on other side of radi- 
ator also. Break solder seal at top and bottom of each channel and 
lift off channels. 

(c) ' Remove Radiator Inlet Tank. Break solder seal around upper 
header of radiator core and header of inlet tank and pry back lip of 
radiator core header and lift inlet tank off core. 

(d) Remove Radiator Outlet Tank. Break solder seal around 
lower, header of radiator core and outlet tank header, pry back lip of 
radiator core header, and lift outlet tank off core. 

Ii. Inspection. 

( 1 ) Thermostat. Check thermostat by placing it with bimetal 
coil down on a brick in a pan of water also containing a thermometer 
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RA PD 331570 

Figure 78 — Radiator, 3G Series/Disassembled View 




RA PD 331542 

Figure 79 — Testing Radiator Thermostat 
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(fig. 79). CAUTION: Do not place either the thermostat or the 
thermometer on the bottom of the pan because of the uneven concen- 
tration of heat at that point when the pan is heated over a burner. 
Heat the water until the thermostat valve begins to open. The tem- 
perature at which this occurs depends upon whether the thermostat 
is of the first type or second type. First type IG series thermostats 
open at 161 to 165° F; second type IG and all 3G thermostats open 
at 141 to 146° F. The operating temperature is stamped on the hous- 
ing flange of most themostats. 

(2) Tanks and Cores. Inspect air passages through radiator 
core for plugged condition due to dirt, sand, leaves, etc., being drawn 
into radiator through front air inlet. If oil was spilled on radiator 
core, clean with steam if available. Inspect all parts for cracks or 
corrosion. Clean out water passages by observing instructions in cur- 
rent directives. 

e. Assenihly. 

(1) IG Series. 

(a) Install Outlet Tank. Install radiator outlet tank by applying 
joint and thread compound to gasket and positioning gasket and tank 
on core at outlet end. Position flange reinforcement on tank and in- 
stall 28 bolts, lock washers, and nuts. Place four lock washers and 
nuts on studs and tighten. Install drain plug in tank. 

(b) Install Inlet Tank. Install radiator inlet tank by applying 
joint and thread compound to gasket and positioning gasket and tank 
on radiator core at inlet end. Position flange reinforcements on tank 
and install 19 bolts, nuts and lock washers. Install 13 nuts and lock 
washers on studs and tighten. Apply gasket sealer to thermostat 
housing gasket and position gasket on radiator tank. Position ther- 
mostat in opening with valve up (fig. 80), place housing over ther- 
mostat, and install and tighten four screws and lock washers to a 
torque tightness of 18 foot-pounds. Install drain plug in thermostat 
housing. 

(c) Install Seals. Position large seal on hull side of radiator and 
secure by tightening eight screws and three cap screws and lock 
washers. Position small seal at outlet end of radiator on opposite side 
from large seal and secure by tightening cap screw and lock washer. 

(d) Check for Leaks. Check for leaks, using compressed air at 
a pressure not exceeding 15 pounds per square inch and plugging -all 
openings. Solder all leaks unless core is so badly corroded that re- 
pairs are impractical. 

(2) 3G Series. 

(a) Install Inlet and Thermostat Housing. Place joint and thread 
compound on radiator outlet elbow gasket and install gasket on outlet 
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RA PD 331348 

Figure 80 — Insfalling Radiator Thermostat, 3G Series 



opening at bottom of outlet tank. Position outlet elbow over gasket 
and install four screws and washers holding elbow to tank. Coat upper 
tank inlet and thermostat housing gasket with joint and thread com- 
pound and position on tank opening. Place thermostat in of)ening 
with valve extending into radiator tank with axis of thermostat hori- 
zontal (fig. 80). Position housing on radiator making sure that ther- 
mostat flange fits into recess in housing. Install four screws and 
washers holding housing to upper tank and tighten to 18 foot-pounds. 

(b) Install Radiator Inlet Tank. Position tank on radiator core 
and bend core header over tank header and seal with solder. 

(c) Install Radiator Outlet Tank. Position outlet tank on radia- 
tor core and bend radiator core header over outlet tank header and 
seal with solder. Test for leaks as explained in subparagraph c ( 1 ) 
(d). 

(d) Install Radiator Channels. Position channels on side of radi- 
ator core with lifting eye at top of radiator core. Install four nuts at 
top and four nuts at bottom of channel. Seal channel to upper and 
lower tank with solder. Repeat this operation for installing channels 
on other side of radiator assembly. 

(e) Install Fan Shroud. Place radiator shroud in position on 
radiator and install four screws and nuts holding shroud to radiator. 
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WRENCH 
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Figure 81 — Removing Water Pump Pulley Nut, JG Series 

23. WATER PUMP, 
a. Disassembly. 

( 1 ) IG Series. Remove water pump pulley retaining nut and lock 
washer (fig. 81) while holding water pump drive shaft stationary with 
bar or screwdriver. Tap pulley from drive shaft, using a soft hammer. 
Remove key from end of shaft. Remove lock wire (fig. 82) holding 
front drive shaft bearing in water pump body, using a small screw- 
driver. Push impeller and shaft away from water pump body enough 
to remove split retainers in back of front bearing on drive shaft. 
Slide impeller and drive shaft out of water pump body. Tap front 
bearing and collar out of front end of body using a light hammer and 
a brass drift. CAUTION : Tap on outer race of bearing only. Place 
front bearing and collar assembly in an arbor press, supporting bearing 
on inner race, and press collar out of bearing. Remove snap ring 
from inner end of water pump body, using a small screwdriver. Tap 
water pump packing assembly, including chevron packings, packing 
rings, spacer and packing spring, out of water pump body, using a 
light hammer and a brass drift. Discard chevron packings. 

(2) 3G Series. Remove nut and lock washer holding pump 
pulley on shaft while holding impeller stationary with screwdriver. 
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Figure 82 — Water Pump, JG Series, Disassembled View 



Tap pulley from pump shaft, using a soft hammer. Remove key from 
end of shaft. Remove lock ring holding pump shaft bearing in body 
(fig. 83). Place pump assembly on arbor press with drive side down, 
and support outside edge of body at bearing opening. Use brass drift 
on shaft end, press pump shaft and bearing assembly out of impeller 
and pump body. Place pump shaft and bearing assembly on arbor 
press with impeller end of shaft down, and support bearing inner race. 
Press shaft out of bearing, and remove washer. Remove snap ring 
from inner end of pump body and tap pump packings, packing rings, 
spacer and spring out of pump body, using a light hammer and brass 
drift. 

I>. Inspection. Clean all water pump parts, except the front 
bearing, in dry-cleaning solvent. The front water pump bearing is a 
sealed bearing and does not require cleaning or removing of lubricant. 
Inspect bearing by rotating slowly by hand, and replace bearing if 
tight, rough or badly worn. Inspect water pump body for cracks or 
evidence of damage. Inspect machined surfaces of water pump body, 
particularly bearing and bushing bores, for nicks or burs which might 
cause water leakage. Small burs can be removed with a fine file or 
whetstone. Inspect water pump impeller for corroded vanes. Inspect 
water pump drive shaft for bends, nicks or burs, or grooves which 
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might cause water leakage or roughness in the bushing. Replace any 
worn or damaged parts. 

V. Assenihly. 

(1) IG Series. 

(a) Install Packings. Push impeller shaft packing ring (fig. 82) 
into water pump body until it seats on shoulder of body. NOTE: 
Square end of ring should point toward impeller end of water pump 
body. Lubricate three new chevron packings, using water pump 
grease, and install packings in pump body. Install bearing and pack- 
ing retaining spring in water pump body. Install center packing ring 
in water pump body. NOTE: Square end of ring should point 
toward impeller end of water pump body. Install one chevron pack- 
ing next to center ring after lubricating it with water pump grease. 
Install front packing ring in water pump body. NOTE: Grooved 
edge of ring should be toward front chevron packing. Compress water 
pump packing assembly, using a brass drift and a light hammer, until 
groove in water pump body for snap ring appears ahead of packing 
assembly. Install snap ring holding packing assembly in water pump 
body, using a small screwdriver. 

(b) Install Front Bearing. Install front bearing and collar in an 
arbor press, and press bearing on collar until it seats on shoulder of 
collar. CAUTION: Spindle of press must bear on inner race of 
bearing only. Slide bearing and collar assembly into place on front 
of water pump body, being careful not to damage bearing. Install 
large lock wire holding bearing in water pump body, using a pair of 
pliers. 

(c) Install Impeller. Install pilot thimble (41-P-418) on end of 
water pump shaft. Wrap groove in shaft, where split retainers seat 
on shaft, with string or tape to prevent damage to chevron packings 
while shaft is being installed. Install impeller and shaft assembly in 
water pump body from impeller end of body until pilot thimble pro- 
trudes from front of body (fig. 84). As soon as pilot thimble pro- 
trudes, remove thimble from end of shaft and string or tape from 
groove in shaft. Install split retainers on shaft and slide impeller and 
shaft into pump body until retainers are held in position by front 
bearing collar. 

(d) Install Pulley. Install Woodruff key in front end of impeller 
shaft using a light hammer. Slide drive pulley over front end of 
shaft and install lock washer and nut. Keep drive shaft from turning 
while tightening pulley retaining nut by holding impeller on opposite 
end of water pump shaft (fig. 81). 

(2) 3G Series. 

(a) Assemble Shaft and Bearing. Place shaft bearing on arbor 
press and support inner race (fig. 83). Place bearing shield over 

m 
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Figure 84 — Installing Water Pump Impeller and Shaft, IG Series 

threaded end of pump shaft and install on bearing. Press shaft into 
bearing until bearing inner race seats against bearing shield and pump 
shaft shoulder. 

(b) Install Packings. Push inner impeller shaft packing ring into 
pump body until it seats on shoulder of body (fig. 83). NOTE: 
Square end of ring should point toward impeller end of body. Lubri- 
cate three new chevron packings and install packings in pump body 
with convex side of packings up. Install bearing and packing retain- 
ing spring pump body. Install center packing ring in pump body 
with square end toward impeller. Lubricate one packing and install 
in pump body with convex side up. Install rear packing ring in pump 
body with grooved side toward packing. Tap packing assembly with 
brass drift and hammer, and compress until snap ring groove in body 
appears ahead of packing assembly. Install packing lock ring. 

(c) Install Impeller and Shaft. Press impeller on pump shaft, 
with vanes toward pulley end, until impeller face is flush with end 
of shaft. Install shaft in pump body from impeller end of body until 
shaft protrudes at other end, being careful to prevent damage to pack- 
ings. Place pump assembly on arbor press with impeller end on bed 
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of press, and press bearing on shaft and into counterbore in body. 
Install bearing snap ring. 

(d) Install Pulley. Install Woodruff key in slot in pump shaft 
end. Slide pulley on shaft and over Woodruff key, lining up slot in 
pulley with key on shaft. Install plain washer, lock washer and nut 
on shaft. Tighten nut while holding impeller with screwdriver through 
vanes. 



Section III 
FITS AND TOLERANCES 

24. FITS AND TOLERANCES. 

IGf Series 3G Series 

a. Fan. 

Diameter of shaft 0.6262 in. 0.9846 in. 

I. D. of bearing support 1.1606 in. 2.0471 in. 

Run-out of pulley 0.010 in. 0.010 in. 

1>. Water Pump. 

Diameter of shaft 0.4975 in. 0.4975 in. 

Clearance between impeller 

and pump body 0.050 to 0.092 in. 0.050 to 0.075 in. 

End play 0.002 in. 0.002 in. 

Free length packing spring (max.) IV4 in. IVi in. 

Packing spring compressed 

to Vi-in 2 1/2 to 3 lb 2 1/2 to 3 lb 
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CHAPTER 4 
FUEL SYSTEM 



Section I 
DESCRIPTION AND DATA 

25. GENERAL. 

a. Description, IG Series. 

(1) This fuel system (fig. 85) consists of two 43-gallon fuel tanks 
located in the sponsons on each side of the engine compartment, from 
which lines lead to a combination filter and shut-off valve on the left 
front of the bulkhead, and thence back to the mechanical fuel pumps, 
one on each engine, and up to the carburetors. 

(2) An air cleaner is carried in a special compartment at the rear 
of each sponson. Air from the fighting compartment passes around 
the fuel tanks, through the oil and filtering elements of the cleaners 
and through carefully sealed air inlet tubes to the carburetors. 

(3) The fuel system for the auxiliary power plant (used on MS, 
M5A1 vehicles only) consists of a fuel line from the left-hand tank 
(fig. 85), a separate filter and shut-off valve, and a line down to the 
carburetor on the auxiliary power plant. There is also a separate oil- 
bath air cleaner and air intake tube to the carburetor. There is no 
separate fuel tank for this system, and no fuel pump, as the system has 
a gravity feed. 

1». Deseription, 3G Series. 

(1) This fuel system (fig. 86) consists of two fuel tanks of 55- 
gallon capacity carried in narrow deep compartments on each side 
of the engine compartment. Each tank contains a support assembly 
(fig. 95) on which an electric fuel pump is mounted at the bottom of 
the tank, and which includes two self-cleaning cylindrical strainers. 

(2) A fuel line extends from each fuel pump through the top of 
the fuel pump support assembly, forward to a check valve and then 
to the shut-off valve and to a connecting line carried across the 
radiator support at the front of the engine compartment. This line 
contains two T-connections from which a rubber line extends to the 
carburetors. This makes it possible for either tank to supply fuel to 
both engines. 

(3) The flow of fuel and selection of the tank is controlled by a 
pair of levers and switches at the front center of the driving com- 
partment roof (fig. 87). From each of these levers a control cable 
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extends back to the shut-off valve, and the feed wire for the pump 
extends back to the terminal on top of the fuel pump support assembly, 
from which it is carried in an insulated conduit to the pump. 

c. Service Information. 

( 1 ) Carburetors. Information on the disassembly, cleaning, 
inspection, repair and assembly of carburetors used on IG and 3G 
series, is given in TM 9- 182 6 A. 

(2) Fuel Pumps. Service information on the AC mechanical 
fuel pumps used in IG systems, in TM 9-1829A. 

(3) Lines and Fittings. Service information on the fuel lines 
and fittings appears in TM 9-729. 

(4) Other Units. Service information on the remaining units 
appears in later paragraphs of this manual. 

26. DATA. 

a. The specifications as given below are for one carburetor, fuel 
pump, air cleaner, etc. They apply to either right- or left-hand units 
unless otherwise indicated. 



IG Seriet 

1», Carlmretor. 

Make Carter 

Type WCD dual downdraft 

Model WCD 566 SA 

578 S 

Idling adjustment Screw type 

Flange size 1 in. 

Gas line connection % in. elbow 

Accelerating pump type High-pressure 

Choke type Automatic 

Choke valve type Offset butterfly valve 

c. Fuel Pump. 

Make AC 

Model BE 

Number 2 

Type Diaphragm 

Drive Eccentric cam 

Capacity , 20-24 cc. per stroke 

Pressure 3 V2 to 5 lb 

Octane rating of fuel (Min.) 80 

117 



3G Series 

Carter 

WCD dual downdraft 
WCD 583S 

Screw type 
VA in. 
in. hose nipple 
High-pressure 
Automatic 
Offset butterfly valve 

Carter 
24 volt 
2 

Centrifugal 
Electrical 

200 gals, per hr 

@ no back pressure 
6 lb 
80 
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<1. Engine Fuel Filter. 

1G Seriei 

Make AC 

Type Laminated strainer 

Strainers 

Surface area 12.85 sq in. 

Filtering area 4.48 sq in. 

Model No 358 or 359 

Valves, shut-off 

Location Front of bulkhead 
Number 2 

e. Air Cleaner. 

Number used 2 

Type Oil bath 

Make AC 

Filter element Steel mesh 

Reservoir capacity 3 pt 



HOWITZER MOTOR CARRIAGE 
SYSTEMS AND FUEL SYSTEMS 



3G Series 

Cadillac 

Self-cleaning, 
24 X 110 mesh 
Filler support, 
pump inlet 



Fuel compartment 
2 



Oil bath 
AC & Donaldson 
Steel mesh 
3 qt 



f. Auxiliary Power Plant Fuel Filter (M5, M5A1 only). 

Make AC 

Type Laminated strainer 

Strainers 

Surface area 2.764 sq in. 

Filtering area 0.96 sq in. 

Number 81 

Valve, shut-off 

Location Front of bulkhead 

Number 1 



g. Auxiliary Power Plant Air Cleaner (M5, M5A1 only). 

Make AC 

Filter element Copper mesh 

Reservoir oil capactiy.. Approx. Vi pt 

Number used 1 
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Section II 

DISASSEMBLY, CLEANING, INSPECTION, REPAIR, 
AND ASSEMBLY OF SUBASSEMBLIES 

27. FUEL VALVES AND CONTROLS (3G SERIES), 
a. Fuel Valve Controls. 

(1) Disassembly. NOTE: The following procedure applies to 
one of the two controls of the fuel valve controls. Each handle and 
component parts are identical and the procedure for disassembly, etc., 
is the same. Loosen jam nut on switch lever and remove cotter pin 
from trunnion on link. Remove cotter pin holding fork and turn- 
buckle to control handle and remove clevis pin, two spacers, fork and 
link assembly from handle. Disassemble link, if necessary, by remov- 
ing two nuts, trunnion and spring. Remove two cotter pins and two 
clevis pins holding control handle in position and remove handle 
from mounting. Remove eye and jam nut from switch lever. Dis- 
connect wires from terminal on underside of switch. Remove rubber 
cap, lock nut, lock washer and lock plate. Remove switch from mount- 
ing. Remove two circuit breaker mounting screws and disconnect 
wires from circuit breaker. 

(2) Cleaning and Inspection. Clean all parts except switches 
with dry-cleaning solvent and dry thoroughly with compressed air. 
Inspect parts for wear or damage. 




MOUNTING BRACKET CONTROL HANDLES 



RA PD 33IS52 

Figure 87 ^ Fuel Valve Controls, 3G Series 
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RA PD 331553 

Figure 88 — Fuel Valve Controls, 3G Series, Disassembled View 

(3) Assembly. Connect wires to post on circuit breaker, position 
circuit breaker in mounting and install two mounting screws. Connect 
wire from circuit breaker to "ON" terminal of switch and insert switch 
in control mounting bracket. Install lock plate on switch, being sure 
tangs on plate are properly positioned in groove on switch and hole in 
control mounting bracket. Install lock washer on switch. Install 
lock nut with rubber cap on switch. Install jam nut on switch lever 
to end of threads. Install eye, screwing it down until it contacts jam 
nut. Position trunnion on link assembly in eye and lock in position 
with cotter pin. Position control handle on mounting bracket and 
install two clevis pins and cotter pins. Position fork and link in mount- 
ing bracket so that eye of link points away from mounting bracket 
and install clevis pin with a spacer on each side of fork. Install cotter 
pin. Adjust switch lever eye so that it does not cause trunnion to 
bind on link assembly, then tighten lock nut against eye. 

h. Fuel Valves. NOTE: Both fuel valves are serviced as an 
assembly; however, the following information is given as a guide for 
servicing whenever replacement valves are not available. 

( 1 ) Disassembly. Remove two screws and lock washers holding 
valve body assembly to mounting bracket. Remove cotter pin hold- 
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MOUNTING SCREWS 
MOUNTING BRACKET 
VALVE COVER 
CLEVIS PIN 

VALVE SCREW 
SPRING ASS'Y 

VALVE HOUSING / LOCK WASHER iT 
VALVE ASS'Y COTTER PIN 

VALVE CLEVIS AND CAP 

RA PO 331554 

Figure 89 — Fuel Shut-off Valve, 3G Series, Disassembled View 



COVER PLUG 





ELBOW 



INSPECTION PLUG 
HOUSING 




CHECK VALVE 



ELBOW 



RA PD 331555 

Figure 90 — Fuel Check Valve, 3G Series, Disassembled View 

ing spring assembly to clevis. Remove clevis pin and spring assembly. 
Remove screw in valve clevis and lift off clevis, rubber cap and 
washer (fig. 89). Back off valve cover from valve housing and lift 
out valve assembly. Remove both elbows from housing. 

(2) Cleaning and Inspection. Clean all parts in dry-cleaning 
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solvent and dry thoroughly with compressed air. Inspect hoses, valve 
assembly and rubber caps for deterioration or wear. 

(3) Assembly. Insert valve assembly in valve housing and in- 
stall valve cover, tightening securely. Place washer in recess in end 
of valve assembly. Position valve clevis and rubber cap over valve 
cover and install screw. Place spring assembly in clevis and install 
clevis pin and new cotter pin. Install both fuel line elbows in valve 
housing. Install housing on mounting bracket. 

o. Check Valves. 

(1) Inspection Before Disassembly. The small, threaded, 
inspection plug (fig. 90) is provided so that a quick inspection and 
service of the valve may be made without complete disassembly of 
the unit. Remove plug and insert screwdriver through opening until 
it contacts screw head in valve assembly. Turning the screw in a 
forward or backward motion will assist in removing dirt or sediment 
that may accumulate on valve or seat. 

(2) Disassembly. Remove cover plug on top of check valve 
assembly. Remove pin retaining plug on side of assembly, lift out 
pin and remove valve from housing. Remove elbows from valve. 
NOTE : Both check valves are serviced as an assembly; however, the 
following information is given as a guide for servicing whenever re- 
placement valves are not available. 

(3) Cleaning and Inspection. Clean all parts with dry-clean- 
ing solvent and dry thoroughly with compressed air. Inspect all parts 
for unusual wear. 

(4) Assembly. Use pipe joint cement or sealer on all threaded 
surfaces of elbows before installing. Position valve assembly in hous- 
ing so that screw head faces toward top opening in housing. Insert 
pin and install pin retaining plug, drawing up securely. Install inspec- 
tion plug and cover plug in housing. 

28. VALVES AND FILTERS (IG SERIES), 
a. Inlet Shut-off Valve. 

( 1 ) Disassembly. 

(a) (First Type M5 Only). Screw both valve assemblies off 
nipples and remove valve assemblies (fig. 91). Remove screw hold- 
ing one valve assembly handle on valve stem and remove handle 
from valve stem. Remove packing nut whilp holding stem and pack- 
ing retainer from turning. Lift valve spring off valve stem. Unscrew 
valve stem and packing retainer from valve body while holding body. 
Screw stem out of packing retainer and remove packing from other 
end of retainer. Disassemble other shut-off valve in same manner. 
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A — SCREW P — LINE, ASS'Y 

B — WASHER, LOCK R — CONNECTOR 

C — WASHER, PLAIN S — FILTER, ASS'Y 

D — ELBOW T — SCREW 

E_ NIPPLE U — BRACKET 

F — CONNECTOR V — ELBOW 

C — CONNECTOR W — FILTER, ASS'Y 

H _ LINE. ASS Y X — LINE, ASS'Y 

J — VALVE Y — LINE, ASS'Y 

K — NIPPLE Z — COCK 

L — NIPPLE AA — ELBOW 

M — CONNECTOR BB — COUPLING 

N — LINE, ASS Y CC — NIPPLE 
— ELBOW 



RA PD 50335 

Figure 91 — Fuel Filter Connections, First Type, 3G Series 
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(b) (Second Type M5 and M8). Remove shut-off valve from 
fuel filter. Remove screw and lock washer holding dial valve pointer 
on valve. Remove pointer. Remove detent plunger and spring from 
pointer. Remove two screws and lock washers holding valve dial on 
valve. Remove valve stem packing nut. Remove packing from pack- 
ing nut. Remove packing ring from valve stem. Remove valve stem 
retainer from valve. Remove valve tension spring from valve body. 
Remove valve and valve stem from valve body. Remove pin holding 
valve stem to valve. Remove fittings from valve body. 

(2 ) Inspection. Inspect valve stems and valve seats for evidence 
of damage or improper seating on first type M5 vehicles. Recut 
valve seat faces as required to obtain a good seal on first type M5 
vehicles. Check valve packing. If packing is worn and dried out, 
it should be replaced. 

(3) Assembly. 

(a) (First Type M5 Only). Position a new valve stem packing 
on packing retainer and screw valve stem into packing retainer 
assembly. Screw valve stem and packing retainer assembly into 
valve body while holding body. Install valve spring in body around 
valve stem and install packing nut while holding valve stem and 
packing retainer. Position valve assembly handle on valve stem and 
install mounting screw. Screw valve assembly on nipples on fuel 
filter. Assemble and install the other shut-oi¥ valve in a like manner. 

(b) (Second Type M5 and M8). Install fittings on valve body. 
Elbow fitting to right fuel tank should be installed on upper end of 
valve when valve outlet points to right. Opening on elbow should 
point toward left. Position valve stem in valve and install lock pin. 
Install valve in valve body so that one opening points downward and 
the other opening points toward left when valve outlet points toward 
right. Install valve tension spring on top of valve around valve stem. 
Install valve retaining nut. Install valve stem packing ring around 
valve stem. Install valve stem in packing nut. Install nut on valve 
retainer nut. Position dial on valve body and install two mounting 
screws and lock washers. Position valve pointer detent spring and 
plug in valve pointer. Position valve pointer on valve stem so that 
detent plug is in "OFF" position. Install valve pointer mounting 
screw and lock washer in valve stem. Install valve assembly on 
fuel filter; 

li. Fuel Filter. 

( 1 ) Disassembly. Remove shut-off valve fittings from fuel filter 
body on first type M5 vehicles. Remove screw and gasket holding 
cover to shell and remove cover and cover gasket. Remove plug from 
lower end of shell. Lift strainer assembly and spring out of shell. 
Remove strainer gasket from strainer assembly. 
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RA PD 9127 

Figure 93 — Fuel Filter, IG Series, Disassembled View 
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COVER 



BOWL 




GASKET 




BAIL 



RA PD 9128 

Figure 94 - Fuel Filter Auxiliary Power Plant MS, M5A1 , 
Disassembled View 
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(2) Cleaning and Inspection. Clean all fuel filter parts thor- 
oughly in dry-cleaning solvent and dry with compressed air. Check 
all passages in filter cover for obstructions or dirt and clean as required. 
Inspect filter cover for nicks, cracks or burs. Inspect filter shell for 
bends or damage on surface which contacts cover. Check laminated 
filter strainers to see that strainers are flat and form a close contact 
with each other. 

(3) Assembly. Position a new strainer gasket on strainer 
assembly and install strainer assembly on fuel filter cover. Position 
spring over stems in shell assembly. Position shell gasket in filter 
cover, and install shell, fastening with retaining screw and lock washers. 
Install drain plug in shell. 

c. Auxiliary Power Plant Fuel Filter (M5 Only). 

(1) Disassembly. Remove inlet and outlet elbows from filter 
Cover. Loosen bowl bail nut and swing bail to one side. Remove 
filter bowl from cover (fig. 94). Lift strainer assembly and gasket 

.off filter cover. Spread upper end of bail where it is attached to 
cover until prongs of bail can be removed from holes in cover. Mark 
position of filter mounting bracket on cover and remove nut and lock 
washer holding mounting bracket to cover. Remove bracket. 

(2) Inspection and Cleaning. Clean all filter parts thoroughly 
in dry-cleaning solvent and dry with compressed airr Inspect filter 
cover for nicks and burs. Check bowl for bends or irregularities which 
might cause poor contact with filter cover. Insert strainer assembly 
and gasket in filter cover to see that a good fit is obtained between 
strainer and cover. Inspect valve stem and seat for evidence of 
damage or poor valve seating. Recut valve stem seat as required. 
Check valve packing and replace if worn or dried out. 

(3) Assembly. Position filter mounting bracket on filter cover, 
lining up marks on cover and bracket which were made before bracket 
was removed. Install nut and lock washer holding bracket to filter 
cover. ■ Spread prongs of bowl bail until prongs can be inserted in 
mounting holes in cover. Position a new strainer assembly gasket on 
filter cover and install strainer assembly on cover. Position a new filter 
bowl gasket on cover and install bowl on cover. Swing bowl bail over 
bowl and tighten bail nut. Install inlet and outlet elbows on filter cover. 

29. SUPPORT AND STRAINER ASSEMBLY (3G SERIES). 

a. Disassembly. Remove four screws at bottom of fuel pump 
mounting cage and remove lower screen and plate. Remove pump 
mounting cushions. Loosen fuel line hose clamp at pump. Remove 
four screws from terminal bracket at mounting flange and then lower 
fuel pump sufficiently to allow removal of feed wire from fuel pump 
motor housing by backing off feed wire nut and removing screw hold- 
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ing wire in housing. Remove feed wire from support assembly by 
bending back three chps holding wire to vent line and then removing 
grommet from upper plate of fuel pump mounting cage. Remove 
outlet line by loosening hose clamps at the top of fuel pump support 
assembly at outlet elbow and sliding hose down on line, then loosening 
hose clamps at mounting cage and pulling line out and up. 

b. Cleaning and Inspection. Clean all parts in dry-cleaning sol- 
vent and dry thoroughly with compressed air. Inspect both upper and 
lower screen. Inspect feed wire and shielding for breaks. Check 
outlet line and hoses for any signs of breaks or deterioration. Inspect 
upper and lower screen for security of mounting and vent line for 
breaks in solder seal at upper and lower mounting. 

c. Assembly. Insert feed wire through hole in mounting cage 
and position grommet. Install screw in feed wire mounting in housing 
and tighten feed wire nut. Position pump in mounting cage and in- 
stall rubber mountings and cotter pins. Install outlet line in lower 
hose and tighten clamps. Draw upper hose up on outlet elbow and 
tighten clamps. Position terminal bracket on underside of mounting 
flange and install four screws. Place feed wire under three clips and 
bend clips back in position. Place lower screen and plate in position 
and install four mounting screws. 

30. FUEL TANKS. 

a. Disassembly, IG Series. NOTE: The fuel tanks are of 
brazed construction and, therefore, cannot be disassembled unless new 
plates are again brazed in place. The outlet lines, screens, and drain 
plugs can be removed. 

( 1 ) Disassemble Right-hand Tank. Straighten brackets hold- 
ing both top fuel tank wooden shims in position and remove shims. 
Remove three screws and lock washers holding fuel tank outlet screen 
assembly and gasket and take screen out of fuel tank. Remove six 
screws and washers holding flame arrester and filler assembly to plate 
on top of fuel tank. Remove flame arrester assembly and gasket. 
Remove two screws holding cover over relief valve, and take out 
cover and valve. 

(2) Disassemble Left-hand Tank. The left-hand tank is dis- 
assembled in the same manner as the right-hand tank with the follow- 
ing additions on M5, M5A1 fuel tanks. Remove three screws and 
lock washers holding auxiliary power plant outlet screen assembly 
and gasket from fuel tank. 

b. Cleaning, Inspection, and Repair, IG Series. Inspect brazed 
joints of fuel tank to make sure that they are not leaking. Check 
screen on outlet pipe assembly and replace if broken or damaged in 
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such a way that sediment in the fuel tank could pass into the fuel 
lines. Inspect relief valve assembly. Inspect the vent in the fuel 
tank filler cap to make sure it is open. Make sure that vent float 
does not stick. Inspect condition of mounting flanges on outlet pipe 
assembly and flame arrester inlet to make sure they are smooth and 
flat. Remove any nicks or burs with a fine file. Clean according to 
procedures in TM 9-1726F. 

c. ABsembly, IG Series. . 

( 1 ) Assemble Right-hand Tank. Position a new flame arrester 
and filler assembly gasket on top of fuel tank. Install flame arrester 
and filler assembly in fuel tank and install six screws and washers 
holding assembly to tank. Install drain plug in bottom of fuel tank. 
Install relief valve gasket and cover. Position a new fuel tank outlet 
screen assembly gasket on front end of fuel tank and install outlet 
screen assembly in front of tank. Install three screws and lock wash- 
ers holding screen assembly to tank. Position both top fuel tank 
wooden shims in position on tank, and bend brackets over notches 
in shims. 

(2) Assemble Left-hand Tank. NOTE: The left-hand tank 
is assembled in exactly the same manner as the right-hand fuel tank 
with the following additions. Position a new auxiliary power plant 
outlet screen assembly gasket on front end of fuel tank and position 
outlet screen assembly in fuel tank (M5, M5A1 only). Install the 
three screws and lock washers which hold auxiliary plant outlet screen 
assembly to flange on fuel tank (MS only). 

d. Disassembly, 3G Series. Remove drain plug. Remove fuel 
pump support and strainer assembly by taking out the 12 attaching 
screws and lifting support assembly out. Remove two cap screws and 
take off hold-down spring at upper rear mounting bracket. 

e. Cleaning, Inspection and Repair, 3G Series. Inspect brazed 
joints to make sure they are not leaking. Inspect flat metal areas, 
particularly on sides, for cracks or leakage. If leaks are found around 
or near the upper mounting brackets, unsolder these brackets to 
make thorough brazing repairs beneath them. Inspect mounting 
flange for fuel pump support assembly to make sure that it is smooth 
and flat. Clean tank according to procedures in TM 9-1726F. 

f. Assembly, 3G Series. Install drain plug. Position hold-down 
spring on upper rear mounting bracket and attach with two cap screws. 
Lower fuel pump support assembly into tank and attach with 12 cap 
screws and lock washers. 
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31. SPECIAL TOOLS. 

a. The special tools required for servicing the engines, cooling 
systems and fuel systems of M5, M5A1, M8, M19 and M24 vehicles 
are. given below. This list is for information and is not to be used 
as a basis for requisitioning. 

Tool Name Ordnance No. Federal Stock No. 

Bolt, eye, transmission lifting A266327 41B-1586-300 

Driver, valve stem guide 

(removing and installing) B226789 41D-2993 

Gage, valve stem length A266510 41G-504 



4 1-T- 1598-35 




41-B-1586-300 



41-S-3832-70 



RA PD 344116 

Figure 97 - Engine Lifting Tools and Valve Lifter Tester 
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41-P-2912 



41-R-2373-400 



Figure 98 



RA PD 344115 

— Engine, Cooling, and Fuel System Tools 
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Pilot, thimble, water pump 

shaft pilot (IG) B226792 41P-418 

Pliers, snap ring removing A266329 41P-1992-85 

Puller, crankshaft pulley C130732 41P-2912 

Remover and Replacer, 

camshaft bearing B226791 41R-2373-600 

Sling, engine lifting (IG) C107502 41S-3832-70 

Sling, engine lifting (3G) C7079282 41S-3831-300 

Sling, engine compartment roof (IG) B226796 41S-3832-20 

Tester, hydraulic valve lifter leak-down B226786 41T-1598-35 

Wrench, socket, connecting rod bolt A266512 41W-2598-500 
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PUBLICATIONS INDEXES. 

The following publications indexes should be consulted frequently 
for latest changes or revisions of references given in this list of refer- 
ences and for new publications relating to materiel covered in this 
manual: 

a. Introduction to Ordnance Catalog (explaining 

SNL system) ASF Cat. 

ORD 1 IOC 

b. Index (index to SNL's) ASF Cat.. 

ORD 2 OPSI 

c. Index to Ordnance Publications (listing FM's, 

TM's, TC's, and TB's of interest to ordnance 
personnel, OPSR, FSMWO's, BSD, S of SR's, 
OSSC's, and OFSB's, and including alpha- 
betical listing of ordnance major items with 
publications pertaining thereto) OFSB 1-1 

d. List of Publications for Training (listing MR's, 

MTP's, FM's, TM's, TR's, TB's, MWO's, SB's, 
WDLO's, and FT's) FM 21-6 

e. List of Training Films, Film Strips, and Film 

Bulletins (listing TF's, FS's, and FB's by 

serial number and subject) FM 21-7 

f. Military Training Aids (listing graphic training 

aids, models, devices, and displays) FM 21-8 

STANDARD NOMENCLATURE LISTS. 

a. Ammunition. 

Ammunition, blank, for pack, light and medium 

field, tank, and antitank artillery ORD 11 

SNL R-5 

Ammunition, fixed and semifixed, including sub- 
caliber, for pack, light and medium field, air- 
craft, tank, and antitank artillery, including 

complete round data ORD 1 1 

SNL R-1 

Ammunition instruction material for pack, light 
and medium field, aircraft, tank, and antitank 

artillery ORD 11 

SNL R-6 

Service fuzes and primers for pack, light and 
medium field, aircraft, tank, and antitank 

artillery ORD 11 

SNL R-3 
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h. Armament. 

Gun, 7S-mm, M5; and Mount, combination gun, 

T90 SNL C-66 

Gun, machine, cal. .30, Browning, M1919A4, 
fixed and flexible; M1919A5, fixed and 
M 191 6 A6, flexible SNL A-6 

Gun, machine, cal. .50, Browning, M2, heavy 

barrel, fixed and flexible; and ground mounts . SNL A-39 . 

c. General. 

Cleaning, preserving and lubrication materials; 
recoil fluids, special oils, and miscellaneous re- 
lated items ORD 5 

SNL K-1 

Soldering, brazing and welding material, gases 

and related items SNL K-2 

Tool-sets (common) specialists and organiza- 
tional .: SNL G-27 

Section 2 

Tool-sets (special) automotive and semi-auto- 
motive SNL G-27 

Section 1 

(I. Sighting Equipment. 

Kit, instrument, repair .M4 (for field artillery 

and coast artillery SNL F-206 

Mount, telescope, T94 (for 75-mm gun in light 

tank, T24) SNL F-296 

Periscopes, telescopes for periscopes, and direct 

sighting telescopes for use in tanks SNL F-235 

Quadrant, gunner's. Ml (mils) SNL F-140 

e. Vehicle. 

Tank, light, M24 (T24) SNL G-200 
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EXPLANATORY PUBLICATIONS, 
a. Fundamental Principles. 

Ammunition, general TM 9-1900 

Automotive electricity TM 10-580 

Auxiliary fire-control instruments (field glasses, 

eyeglasses, telescopes, and watches) TM 9-575 

Basic maintenance manual TM 38-250 

Browning machine gun, cal. .30, HB, M1919A4 

(mounted in combat vehicles) FM 23-50 

Browning machine gun, cal. .50, HB, M2 (mount- 
ed in combat vehicles) FM 23-65 

Driver selection and training TM 21-300 

Driver's manual TM 10-460 

Electrical fundamentals TM 1-455 

Field artillery and field mortar ammunition OFSB 3-3 

Fuels and carburetion TM 10-550 

Instruction guide: small arms data TM 9-2200 

Military motor vehicles AR 850-15 

Motor vehicle inspections and preventive main- 
tenance services TM 9-2810 

Ordnance service in the field FM 9-5 

Precautions in handling gasoline . / AR 850-20 

Qualifications in arms and ammunition training 

allowances AR 775-10 

Radio fundamentals TM 1 1-455 

Radio sets SCR-508, SCR-528, and SCR-538 TM 11-600 

Range regulations for firing ammunition for 

training and target practice AR 750-10 

Small arms ammunition OFSB 3-5 

Small arms ammunition TM 9-1990 

Targets, target materials, and rifle range con- 
struction TM 9-855 

The radio operator TM 1 1-454 

75-mm gun T13E1 and aircraft mount T13E2 TM 9-312 

2-inch mortar M3 TM 9-293 
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b. Maintenance and Repair. 

Cleaning, preserving, sealing, lubricating and re- 
lated materials issued for ordnance materiel TM 9-850 

Maintenance and care of pneumatic tires and 
rubber treads TM 31-200 

Ordnance maintenance: Carburetors (Carter) TM 9-1826A 

Ordnance maintenance: Controlled differential, 
final drive, tracks and suspension for light 
tanks M5, M5A1, and 75-mm howitzer motor 
carriage MS TM 9-1727E 

Ordnance maintenance : Differential, final drives, 
track suspension, hull and turret for light 
•tank M24 and twin 40-mm gun motor car- 
riage M19 TM 9-1729C 

c. Operation of Material. 

Light tank T24 (M24) TM 9-729 

Light tanks M5 and MSAl TM 9-732 

75-mm howitzer motor carriage MS TM 9-732B 

Ordnance maintenance: Electrical equipment 
Delco-Remy) TM 9- 182 5 A 

Ordnance maintenance: Electrical system, in- 
struments, and auxiliary generator for light 
tanks M5, MSAl, and 75-mm howitzer motor 
carriage MS TM 9-1727F 

Ordnance maintenance: Fire extinguishers TM 9-1799 

Ordnance maintenance: Fuel pumps TM 9-182SA 

Ordnance maintenance: Hull and turret for light 
tanks MS, MSAl, and 75-mm howitzer motor 
carriage MS TM 9-1727G 

Ordnance maintenance: Hydra-matic transmis- 
sion and propeller shafts for light tanks MS, 
MSAl, and 7S-mm howitzer motor carriage 
MS TM 9-1727C 

Ordnance maintenance: Hydra-matic transmis- 
sion and transfer unit for light tank M24 and 
twin 40-mm gun motor carriage M19 TM 9-1729B 

Ordnance maintenance : Hydraulic traversing . 

mechanism for light tank MS (Oilgear) TM 9-1727K 
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Ordnance maintenance: Speedometers, tachom- 



eters, and recorders TM 9- 182 9 A 

Ordnance maintenance: Transfer unit for light 
tanks M5, M5A1, and 75-mm howitzer motor 
carriage M8 TM 9-1727D 

Protection of Materiel. 

Camouflage FM 5-20 

Chemical decontamination company FM 3-70 

Decontamination TM 3-220 

Decontamination of armored force vehicles FM 17-59 

Defense against chemical attack FM 21-40 

Explosives and demolitions FM 5-25 

Military chemistry and chemical agents TM 3-215 

Storage and Shipment. 

Ordnance company, depot FM 9-25 

Ordnance storage and shipment chart-group G 

—major items OSSC G 

Preparation of unboxed ordnance materiel for 

shipment SB 9-4 

Registration of motor vehicles AR 850-10 

Rules governing the loading of mechanized and 
motorized army equipment, also major caliber 
guns, for the United States Army and Navy, 
on open top equipment published by Opera- 
tions and Maintenance Department of Asso- 
ciation of American Railroads. 

Storage of motor vehicle equipment AR 850-18 
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A 

Accessories, installation 

Adapters 

cleaning and inspection 

installation 

oil pump 

tachometer 

removal 

oil pump 

tachometer 

Air cleaners, data 

Auxiliary power plant fuel filters 
(See Fuel filters, auxiliary power 
plant) 

c 

Camshaft 

description 

inspection of bushings 

installation 

bushings 

camshaft 

removal 

bushings 

camshaft 

Carburetor, data 

Connecting rods 

alinement 

data 

description 

assembly 

rods 

disassembly, cleaning, and inspec- 
tion 

fits and tolerances 

installation 

removal 

repair and assembly of assem- 
blies 

Cooling systems 

data 

description 

fits and tolerances 

operation 



INDEX 

Page Poge 

84 Covers 

assembly of crankcase and crank- 

g2 shaft 56 

disassembly 

fj4 crankcase 55 

61 crankshaft 56 

installation 

engine front 75 

oil pump housing 63 

118 valve compartment 79 

removal 

compartment 27 

engine front 33 

Crankcase assembly, description 

assembly 6 

ventilators 14 

12 

39 Crankshaft 

assembly of Hy wheel to cam- 

, 43 shaft 55 

73 description 7 

fits and tolerances 88 

41 inspection and repair 53 

34 installation ..: 70 

117 removal 36 

Cylinder block 

description 6 

1 8 

fits and tolerances 89 

Cylinder bore, reconditioning 45 

g Cylinder heads 

cleaning 38 

49 description 12 

88 disassembly 37 

72 fits and tolerances 88 

35 inspection 39 

installation 79 

50 removal 27 

Cylinders 

97 assembly and installation (valve 

93 lifter) 59 

113 fits and tolerances (engine) 89 

96 numbering (engine) 17 
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Distributor 

cleaning, inspection, and assem- 
bly of support 60 

description and disassembly of 

support 59 

fits and tolerances 92 

installation 

distributor 74 

support 78 

removal 33 

Drive belts 

description 15 

removal of pulleys 32 

Drive gear 
installation 

distributor 61 

oil pump 63 

tachometer 60 

removal 

distributor 59 

oil pump 62 

tachometer 60 

Drive shaft 

installation 

distributor 61 

oil pump 63 

removal 

distributor 59 

oil pump 62 

Driven gear shaft 
installation 

oil pump 63 

tachometer 61 

removal 

oil pump 62 

tachometer 60 



Eccentric spacer 75 

Engine blocks 

cleaning 37 

description 6, 37 

inspection 38 

Engines 

assembly 66 

data 17 

description 6 

disassembly 21 

serial numbers 6 

test and adjustment 84 



F 'oa* 

Fan 

assembly 101 

cleaning, inspection, and repair. .. 100 

description 96 

disassembly and removal 98 

fits and tolerances 113 

installation 102 

removal of shaft 64 

Filler caps, description 93 

Filters (See Oil filters and Fuel 
filters) 

Fits and tolerances, clearance data.. 87 
Flywheel 

assembly to crankshaft 55 

description 8, 37 

disassembly of housing 37 

fits and tolerances 92 

installation 70 

Fuel filters 

cleaning, inspection, and assem- 
bly 129 

data 118 

disassembly • • 125 

Fuel filters, auxiliary power plant 

data 119 

disassembly, inspection, cleaning, 

and assembly 129 

Fuel pump 

data and service information 117 

installation 80 

removal 27 

Fuel system 

assembly, cleaning, and inspec- 
tion of support and strainer 

assembly 132 

data 117 

description H** 

disassembly of support and 

strainer assembly 129 

service information 117 

Fuel tanks (See Tanks, fuel) 

Fuel valves (See Valves, fuel) 

I 

Ignition system 

data 20 

descrtptioii 17 
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I Page 

Leakage, inspection 87 

Lubrication, data 19 

M 

Manifolds 

cleaning, inspection, and assem- 

. bly 66 

description 12, 64 

disassembly 64 

installation 

exhaust 80 

intake 81 

removal 26 

Modification Work Order and 
Major Unit Assembly Replace- 
ment Record 5 

Muffler, removal 25 



Oil filters, description 14 

Oil pan, removal 34 

Oil pressure (See Pressure, oil, in- 
spection and Pressure regula- 
tor) 
Oil pump 

cleaning and inspection 62 

description and disassembly 61 

fits and tolerances 89, 92 

installation of idler gear 74 

removal 

gears and shafts 62 

idler gear 33 

Oil system (engine) 13 



Pistons 

data 18 

description 

assembly 48 

pistons 9 

disassembly, cleaning, and inspec- 
tion of assembly 49 

fits and tolerances 90 

fitting 43 

installation of assemblies 72 

measuring and computing clear- 
ance 45 

removal of assemblies 35 

repair and assembly 50 



Page 

Plunger, assembly and installation.. 59 

Pressure, oil, inspection 86 

Pressure regulator 

inspection and installation 63 

removal 61 

Pump, water 

assembly Ill 

description 93 

disassembly 108 

fits and tolerances 92, 113 

inspection 109 

installation 81 

removal 25 

(See a/so Oil pump and Fuel 
pump) 

R 

Radiator 

assembly 106 

description 93 

disassembly and inspection 103 

Reports and records 5 



Tachometer 

installation of driven and drive 

gears 61 

removal of driven gear, adapter, 

and drive gear 60 

Tanks, fuel 

assembly 133 

disassembly, cleaning, inspection, 
and repair 

IG series 132 

3G series 133 

■ Thermostat 

assembly 106 

description 93 

disassembly and inspection 103 

Timing chains 

data 19 

description 12 

disassembly, cleaning, and in- 
spection 55 

fits and tolerances 90 

installation 74 

removal 33 
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Tools, data I34 

Transmission 

installation of mainshaft pilot 

bearing 71 

mount on engine 83 

removal 

mainshaft pilot bearing 35 

transmission 23 

V 

Valve compartment covers 29 

Valve guides 

inspection 39 

replacement 40 

Valve lifters 

description, disassembly, and 

cleaning 56 



Page 

inspection and leak-down test 57 

installation of guide assemblies. .. 77 



removal of guide assemblies 29 

Valves 

data 19 

description 12 

fits and tolerances 91 

installation 77 

reconditioning 47 

removal 29 

Valves, fuel 

assembly 122, 125 

cleaning J2i, 122 

disassembly 

controls ug 

valves 121, 122 

inspection 121, 122, 125 
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TECHNICAL MANUAL 

ORDNANCE MAINTENANCE: LIGHT TANK M24, 105-MM 
HOWITZER MOTOR CARRIAGE M37, 155-MM HOWITZER 
MOTOR CARRIAGE M41, AND TWIN 40-MM GUN MOTOR 
CARRIAGE M19A1: ENGINES, COOLING SYSTEMS, 
AND FUEL SYSTEMS 

Changes )^ DEPARTMENT OF THE ARMY 

No. 1 / Washington25,D.C., 9 AjjnJ 1 95i 

TM 9-1729A, 28 November 1944, is changed as follows : 

The classification of this manual is changed to RESTRICTED. 

The title of this manual is changed to: ORDNANCE MAIN- 
TENANCE: LIGHT TANK M24, 105-MM HOWITZER MOTOR 
CARRIAGE M37, 155-MM HOWITZER MOTOR CARRIAGE M41, 
AND TWIN 40-MM GUN MOTOR CARRIAGE M19A1: EN- 
GINES, COOLING SYSTEMS, AND FUEL SYSTEMS. 

1. Scope 

a. The instructions contained in this manual are for the informa- 
tion and guidance of personnel charged with the maintenance and 
repair of the Light Tank M24, and Motor Carriages M19A1, M37, 
and M41. These instructions are * * * TM's or FM's. 

h. This manual contains * * * and fuel systems. Included are 
the 3G series engines used on M19A1, M24, M37, and M41 vehicles. 
All figures and references pertaining to the M5, M5A1, and M8 
vehicles are deleted. IG series engines will be converted for use 
in the M24 Light Tank. Instruction for the converted IG series 
engines will be issued in a subsequent change. 

******* 

2. Field and Depot Mainf-enance Allocation 

(Superseded) 

The publication of instructions for complete disassembly and 
rebuild is not to be construed as authority for the performance by 
field maintenance units of those functions which are restricted to 
depots and arsenals. In general, the prescribed maintenance re- 
sponsibilities are based upon availability of tools, parts, and 

• This change supersedes TB 9-1729A-2, 20 December 1945 ; TB 9-1729A-3, 19 February 1946 : 
and portions of TB CRD 191, 16 September 1944 ; TB ORD 257, 26 February 1945, pertaining 
to the materiel contained herein. 
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trained personnel and will apply as reflected in the allocation of 
maintenance parts listed in the appropriate columns of the cur- 
rent ORD 8 supply catalog pertaining to the Light Tank M24, and 
Motor Carriages, M37, M41, and M19A1. Instructions for depot 
maintenance are to be used by maintenance companies in the field 
only when the tactical situation makes the repair functions im- 
perative. Provisions of parts listed in the depot guide column of 
ORD 8 supply catalogs will be made to field maintenance only when 
the emergency nature of the maintenance to be performed has 
been certified by a responsible officer of the requisitioning or- 
ganization. 

2. 1 Forms, Records, and Reports 

(Added) 

a. General. Forms, records, and reports are designed to 
serve necessary and useful purposes. Responsibility for the proper 
execution of these forms rests upon commanding ofiicers of all 
units maintaining this materiel. It is emphasized, however, that 
forms, records, and reports are merely aids. They are not a sub- 
stitute for thorough practical work, physical inspection, and active 
supervision. 

b. Authorized Forms. The forms generally applicable to 
units maintaining this equipment are listed in the appendix. No 
forms other than those approved for the Department of the Army 
will be used. For a current and complete listing of all forms, see 
current SR 310-20-6. Additional forms applicable to the using 
personnel are listed in the operators manuals. For instructions on 
use of these forms, refer to FM 9-10. 

c. Field Report of Accidents. The reports necessary to com- 
ply with the requirements of the Army safety program are pre- 
scribed in detail in the SR 385-10-40 series of special regulations. 
These reports are required whenever accidents involving injury 
to personnel or damage to materiel occur. 

d. Report of Unsatisfactory Equipment or Materials. Any 
suggestions for improvement in design and maintenance of equip- 
ment, safety and efficiency of operation, or pertaining to the 
application of prescribed petroleum fuels, lubricants, and/or pre- 
serving materials, will be reported through technical channels, as 
prescribed in SR 700-45-5 to the Chief of Ordnance, Washington 
25, D.C., ATTN : ORDFM, using DA AGO Form 468, Unsatisfac- 
tory Equipment Report. Such suggestions are encouraged in order 
that other organizations may benefit. 
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CHAPTER 1.1 
TROUBLE SHOOTING 

(Added) 
Section I. GENERAL 

2.2 Purpose 

Note. Information in this chapter is for use of ordnance maintenance 
personnel in conduction with and as a supplement to the trouble shooting 
section in the pertinent operator's manual. It provides the continuation of 
instructions where a remedy in the operator's manual refers to ordnance 
maintenance personnel for corrective action. 

Operation of a deadlined vehicle without a preliminary examina- 
tion can cause further damage to a disabled component and pos- 
sible injury to personnel. By careful inspection and trouble shoot- 
ing such damage and injury can be avoided and, in addition, the 
causes of faulty operation of a vehicle or component can often be 
determined without extensive disassembly. 

2.3 General Instructions and Procedures 

This chapter contains inspection and trouble shooting pro- 
cedures to be performed while a disabled component is still 
mounted in the vehicle and after it has been removed. 

a. The inspections made while the component is mounted in 
the vehicle are for the most part visual and are to be performed 
before attempting to operate the vehicle. The object of these in- 
spections is to avoid possible damage or injury and also to deter- 
mine the condition of and, when possible, what is wrong with the 
defective component. 

b. The trouble shooting performed while the component is 
mounted in the vehicle is that which is beyond the normal scope 
of organizational maintenance. Check the trouble shooting sec- 
tions of TM 9-717, TM 9-729, TM 9-744, and TM 9-757, then 
proceed as outlined in this chapter. These trouble-shooting opera- 
tions are used to determine if the fault can be remedied without 
removing the component from the vehicle and also, when subse- 
quent removal is necessary, to indicate when repair can be made 
without complete disassembly of the component. 

c. Inspection after the component is removed from the vehicle 
is performed to verify the diagnosis made when the component 
was in the vehicle, to uncover further defects, or to determine 
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faults if the component alone is received by the ordnance estab- 
lishment. This inspection is particularly important in the last 
case because it is often the only means of determining the troub,le 
without completely disassembling the component. 

Section II. ENGINE AND WATER PUMP 

2.4 General 

Most engine troubles are actually accessory troubles. The 
trouble-shooting section of TM 9-729, or of other pertinent opera- 
tor's manuals, will normally cover trouble shooting of all engine 
accessories while mounted on the engine. This section covers 
only those troubles which can develop within the engine itself. 

2.5 Procedures 

a. Seizure of Parts. When an engine cannot be turned over 
by hand or with the starter, either seizure of parts or hydrostatic 
lock is the cause. See pertinent operator's manual for procedure 
if hydrostatic lock is present. Generally, if hydrostatic lock is 
not present, seizure can be isolated to the crankshaft and attached 
parts, or the camshaft and related parts, by removing the timing 
chain and sprockets (par. 6a(17)) and turning the crankshaft 
and camshaft by hand. Disassemble seized unit and perform 
necessary repair operations. 

Caution: Exercise great care in deciding what inspection and 
repairs must be performed. Parts in the nonseized section may 
be strained or bent and require replacement, or presence of chips 
may require a complete disassembly and cleaning of the engine 
lubricating system. 

b. Engine Operates Unevenly. 

(1) Valves sticking, warped, or burned. Perform compres- 
sion test as explained in pertinent operator's manual. If 
compression isn't brought up to normal by injecting oil 
in the cylinder, improper valve action is indicated. Re- 
move and inspect valves (par. 6a (14)), correct deiicien- 
cies (par 7e(5)), and install (par. 15a.(16)). 

(2) Pistons, rings, or cylinders ivorn. Perform compression 
test as explained in pertinent operator's manual. If 
pressure is nearly normal with oil sealing, it indicates 
that pistons, rings, or cylinders are worn or damaged. 
Disassemble engine and repair and/or replace any de- 
fective parts. 
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c. Clicking Noises Synchronized with Camshaft Speed. 
Check oil level and change oil if it is gritty or dirty. Blow out oil 
lines to valve lifter assemblies. If noise persists, remove (par. 
6a(13) ) , clean, inspect (par. 11) , and install hydraulic valve lifter 
assemblies (par. 15a(17)). 

d. Heavy Knocks Synchronized with Crankshaft Speed. 

(1) Crankshaft or connecting-rod bearings may be worn or 
burned out. Remove bearings (par. 6), inspect crank- 
shaft (par. 9), install new and proper oversize bearings 
if needed, and assemble (par. 15). 

(2) Pistons or. rings may be broken or damaged. Remove 
piston assemblies (par. 6a(23)), clean, inspect, repair 
(par. 8), and install (par. 15a (8)). 

e. Worn Oil-Pump Gears. Remove oil filter inlet pipe at front 
of cylinder block and install pressure gage. If pressure is below 
12 psi, with engine idling, remove pump (par. 6a (21)), rebuild 
(par. 13), and install in engine (par. 15a(27)). 

/. Defective Water Pump. Rebuild water pump (par. 23). 

6. Disassembly 

a. Procedure. 

******* 

(14) Remove valv.es. Delete NOTE pertaining to special 
tools at end of this subparagraph. 

******* 

7. Engine Block and Heads 

******* 
d. Inspection. 

******* 

(2) Cylinder bores. Visually inspect cylinder * * * cylinder 
indicator gage. If cylinder is tapered more than 0.0127- 
inch for repair, and 0.0067 inch for engine rebuild, 
measured from top to bottom of ring travel, reboring or 
rehoning will be necessary. If bores are * * * in sub- 
paragraph e. 

(3) Valve guides. Inspect valve guides * * * or hole gage. If 
guide diameter is worn beyond the serviceability standard 
dimensions (par, 16.04 /) measured Vs-inch from bottom 
of counterbore, or is otherwise not in satisfactory con- 
dition, replace as outlined in subparagraph e. 

]{: 9(t ^ 



AGO 3636B 



RESTRICTED 



5 



RESTRICTED 



e. Repair. 

(1) Valve guide replacement. 

(a) Remove valve guides. Insert valve guide replacer 
-41-D-2993 in valve guide and drive down into valve 
compartment, using a heavy hammer (fig. 35). Catch 
guide before * * * 15 valve guides. 

$ ^ 4^ ^ ^ ^ 

(3) Fitting pistons. 

$ H: ^ 4< « H: 4: 

(d) (Added.) Use feeler gages. For selective fit of new 
pistons, insert piston, without piston rings, in the 
cylinder with a i^-inch wide feeler gage. The clear- 
ance is correct if a 6- to 8-pound pull is required to 
remove a feeler gage that is between 0.002 and 0.003 
inches. For used pistons, use a %-inch feeler gage 
that runs the full length of the cylinder. Maximum 
clearance is 0.006-inch feeler stock with a 6- to 8- 
pound pull. 

8. Piston and Connecting Rod Assemblies 

^ * >{: !{: 4: ^ 

d. Inspection. 

(3) Piston and rings. Go over piston * * * with feeler gage. 
Gap should not exceed 0.023 inch. 
******* 

9. Crankshaft and Flywheel Assembly, and Camshaft 

* * * * * * # 

d. Inspection and Repair. 

(1) Crankshaft (Superseded.) Mount crankshaft assembly 
between centers and measure the run-out on the center 
main bearing journal. If the run-out exceeds 0.001 inch, 
the shaft should be straightened. Before attempting to 
straighten the shaft, the approximate location of the 
bend should be determined. To determine this location, 
check the run-out at each edge of the machined surface 
of all main bearing journals. If the journals are out of 
round more than 0.00175, regrind to undersize as re- 
quired. 

(2) Camshaft. Inspect camshaft carefully * * * through 180°. 
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If run-out of more than 0.004-inch total indicator reading 
is discovered, camshaft is sprung. Straighten camshaft. 
Caution: Camshaft is * * * or other damage. 

* * * * * * * 

e. Assembly. 

(1) Assemble flywheel to crankshaft. If crankshaft is * * * 
six cap screws. Plastic type gasket cement must be used 
on the gasket and on the flywheel-to-crankshaft mounting 
screws. Tighten screws to * * * with lock wire. 

11. Valve Lifters 

^ * * * * ^ * 

c. (Superseded) Normal Servicing, Service Precautions, 
AND Tolerances. 

(1) Normal servicing. Normal service will consist of remov- 
al for valve grinding or some other repair or replace- 
ment, in which case it is only necessary to wash the 
hydraulic lifters. When washing the hydraulic lifters, 
remove the plungers from the hydraulic cylinders one 
at a time to prevent interchanging, wash them thorough- 
ly in clean dry-cleaning solvent or volatile mineral spir- 
its paint thinner, and install them in the engine without 
making any attempt to fill them with oil before assem- 
bly. After assembly, check clearance, using a screw- 
driver to pry the plunger down. While running the 
engine, the units should become quiet within 45 minutes. 
The time required for any given unit to become quiet is 
not indicative of the quality but means only that the 
particular unit has to dispose of a larger amount of air. 
The engine should be run at the lowest speed which pro- 
duces maximum oil pressure, until all valve lifters have 
become quiet. 

(2) Sticking caused by carbon. After considerable use in an 
engine, carbon may form on the inside of the cylinder 
bore (A, fig. 47.1) above travel of the plunger, making 
the plunger appear to be stuck in the cylinder. Removal 
of the valve stem from the top of the plunger allows the 
plunger to move upwards and the hydraulic unit to com- 
pletely fill with oil (B, fig. 47.1). The carbon which has 
formed on the inside of cylinder above the shoulder on 
the plunger makes removal of the plunger very diflScult 
and, since the unit has filled with oil, the plunger can- 
not be forced down because the oil is trapped by the 
check ball, giving the impression of a stuck unit. To 
free the unit, use the following procedure : 
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(a) Press the plunger all the way down while holding the 
check valve oflf its seat with a match stick (C, fig. 47.1) 
or other blunt instrument. This will allow the oil to 
escape and in most cases the carbon which has formed 
above the plunger can usually be broken by twisting 
the plunger and pulling outward at the same time. 

(&) If the carbon is built up considerably and cannot be 
removed easily, place the unit in carbon-remover sol- 
vent to dissolve the carbon ring. Once the plunger has 
been removed, any carbon remaining on the cylinder 
will be cleaned off with a rough cloth. Wash the cylin- 
der and plunger thoroughly before assembling. 




REMOVAL OF THE 
VALVE STEM AL- 
LOWS THE HYDRAU- 
LIC UNIT TO COM- 
PLETELY FILL WITH 
OIL. 



'CARBON BUILDS UP 
ON THE INSIDE Of 
CYLINDER BORE 
DURING NORMAL 
OPERATION. 





CARBON WEDGED 
BETWEEN PLUNGER 
AND CYLINDER 
MAKES REMOVAL OF 
PLUNGER DIFFICULT 
GIVING IMPRESSION 
THAT UNIT IS STUCK. 



TO FREE, DEPRESS 
THE PLUNGER ALL 
THE WAY WHILE 
HOLDING THE 
CHECK VALVE OFF 
ITS SEAT WITH A 
MATCH STICK AS' 
SHOWN. THIS WILL 
ALLOW THE OIL TO 
ESCAPE AND PERMIT 
THE UNIT TO BE 
CHECKID. — _ 




B RAPD 341036 C 

Figure U7.1 (Added) Cross-section views of hydraulic valve lifter. 



(3) Service precautions. 

(a) The plunger (fig. 47) in the hydraulic unit is not in- 
terchangeable in the cylinder. Tests for the rate of 
leakdown are made after assembly and these tests, not 
the diametric clearances, determine the quality of the 
unit. Always install cylinder assembly as a unit. 
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(6) Any time the plunger is removed from the cylinder 
bore and installed, the plunger spring should be 
snapped into the counterbore of the hydraulic cylinder. 
This can readily be done by a slight counterclockwise 
twisting motion of the plunger. 

(c) It is never permissible to do any kind of grinding or 
machining on the hydraulic units. In cases where 
valves have been reseated to a depth which would re- 
quire increasing their mechanical clearance, grind off 
the valve stems to provide this clearance. 

(d) Do not use shellac, or gasket cement of any kind at 
any point where it will be possible for it to get into the 
hydraulic lifters, as this will glue the check ball to the 
seat and prevent its operation. 

(e) If a bearing failure occurs in engine or one or more 
lifters are stuck because of dirty oil, the entire crank- 
case and all oil lines should be thoroughly cleaned and 
blown out with compressed air. 

(4) Tolerances. 

(a) The valve-lifter body itself (fig. 47) must be a free 
fit in the guide. A proper test for this is to insure that 
the tappet will drop of its own weight in the guide. 

( b ) The check valve and the fit between the plunger and the 
cylinder must be checked for excessive leakage. This 
is accomplished after cleaning by installing plunger 
in cylinder, pushing plunger all the way in to the point 
where plunger spring just clears but does not touch 
the cylinder, and releasing plunger quickly. Plunger 
should pop back out almost to the point it started from 
when pushed in. If this does not happen, either check 
valve is leaking, or plunger is leaking in cylinder. This 
test actually determines whether fit of plunger in 
cylinder will hold air pressure momentarily, and there- 
fore care should be exercised that plunger spring is 
not permitted to help return the plunger to starting 
point. 

(c) To determine if check valve is leaking, hold finger over 
end of pipe protruding from bottom of cylinder and 
again push plunger all the way into cylinder and re- 
lease quickly. If plunger does not pop up, plunger is 
leaking in cylinder and entire cylinder assembly must 
be replaced. If plunger does pop out, it indicates check 
valve is leaking. Clean check valve thoroughly again 



AGO 3686B 



RESTRICTED 



9 



RESTRICTED 



by soaking in dry-cleaning solvent or volatile mineral 
spirits paint thinner and blowing out with compressed 
air. Again check by pushing plunger into cylinder and 
releasing quickly. If plunger still does not pop up, it 
indicates check valve or check valve seat is damaged 
or worn and entire cylinder assembly must be replaced. 

^ H: !tl * * * 

Figure 54. Compressing rear main bearing oil seal with compressor-41-C-2554. 

1 5. Assembly Procedure 

a. Assembly Procedure. 
******* 
(8) Install connecting rod and piston assemblies. Lubricate 
pistons and * * * in proper order. Tighten all connecting 
rod screws, using the connecting rod socket wrench-41- 
W-2598-500 and a torque wrench-(41-W-3631). Screws 
should be * * * foot-pounds (fig. 58). 
* * * * * , * * 

(12) Install timing chain and sprockets. Delete NOTE at the 
end of this subparagraph. 

******* 

(16) Install valves. Position No. 1 cylinder * * * gage-41- 
G-504 (fig. 64). This distance should be a minimum of 
2.990 inches. Check gage before using. If tool will not 
slide freely between lower end of valve stem and heel of 
cam, end of valve stem should be ground oif square until 
2,990-to 3.010-inch clearance is obtained. Install valve 
stem * * * after hearing click. 

Note. If lifter 41-1^1408 is used, the valve stem locks must be 
installed by hand. 

******* 

The nomenclature in figure 64, is changed from "3.000" to 
"2.990." 

The nomenclature in figure 69, is changed as follows : TORQUE 
WRENCH-41-W-3631. 

Section V. TEST AND ADJUSTMENT 

(Superseded) 

1 6. Preliminary Adjustments and Connections 

a. Before-Test Adjustment. Before testing the engine, 
make the following adjustments in accordance with procedures in 
pertinent technical manuals. 
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(1) Adjust carburetor. 

(2) Set distributor timing. 

b. Load. During the break-in run, the engine must be coupled 
to a suitable load. This load may be a water brake, an electric 
dynamometer, or other load which will permit, the engine to be 
operated under varying loads and speeds. 

c. Cooling. Adequate provision must be made for cooling the 
engine during the test. Water temperature, not lower than 160° 
F. or higher than approximately 170° F., must be maintained by 
using the conventional radiator, by means of a heat exchanger 
or by circulating water from an outside source. Some means must 
be provided for regulating the inlet temperature and maintaining 
it between 160° and 170° F. 

d. Exhaust System. The exhaust system should be so con- 
structed to reduce back pressure to a minimum, since slight back 
pressures have a considerable effect upon the power output of the 
engine. Exhaust piping should be as short as possible and free 
from restrictions caused by reduction of piping diameter, sharp 
bends, or angles. 

Caution: To prevent harmful and corrosive vapors from re- 
turning to engines operated on common exhaust systems which 
are constructed to accommodate two or more engines, each engine 
will be disconnected from the exhaust system immediately after 
the engine run-in is completed. 

e. Air Intake System. The air intake system must be equip- 
ped with the same type air cleaners used with the engine when 
installed in the vehicle. Air intake should be located in such a 
manner that only fresh, cool air will be drawn into the engine. 

/. Test Instruments. The following instruments are neces- 
sary for performing a complete engine run-in test : 

(1) Tachometer to measure engine speed. 

(2) Tachometer to measure dynamometer speed. 

(3) Fuel pressure gage. 

(4) Oil pressure gage. 

(5) Oil temperature gage. 

(6) Coolant temperature gage. 

(7) Compression gage. 

(8) Barometer. 

(9) Wet and dry bulb thermometers (psychrometer) . 

g. Installation for Test. Install engine on test stand mak- 
ing all fuel, oil, water, and electrical connections. Couple engine 
to dynamometer, making sure that no misalinement exists be- 
tween engine output shaft and dynamometer shaft. 
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16.1 Run-in Schedule 

a. Run-in Schedule. Engines in which new pistons have 
been installed and cylinder bores reconditioned will be run-in so 
that they will be ready for any type of use when installed. The 
following test schedule is based on engine complete with all ac- 
cessories, including air cleaners, generator, cooling fan, exhaust 
muffler, hydramatic transmission, water pump, and fuel pump. 



Table I. Engine Run-in Test Schedule 



I 


Time 
(min) 


Engine 
(rpm) 


BHP 
(apnc) 


1 _ _ - 


**15 


1,000 


None 


* 2 ^ - 


15 


1,000 


5 


* 3 _ 


30 


1,500 


10 


4 


30 


2,000 


15 


5 


30 


2,500 


25 


* 6 - 


30 


2,800 


35 


7 


30 


3,000 


40 


* 8 _ 


30 


3,100 


45 


* 9 


30 


3,200 


50 


10 


30 


3,300 


55 


* 11 


30 


3,400 


60 


12 


30 


3,500 


65 


13 


30 


3,600 


70 


14 - - 


30 


3,700 


75 


Check oil level and fill crank- 








case to "Full" mark on dip 








stick. 








15 _ _ _ 


30 


3,800 


80 


16 _ _ 


30 


4,000 


90 


17 


5 


4,000 


***Maximum 


Total time 






7 hr, 35 min 



* Periods 2, 3, 6, 8, 9, and 11 can be eliminated during test run provided engine has been 
equipped during overhaul with chromium-plated upper compression ring. This ring carries 
the same part number as the old type unplated ring and can only be identiiied by visual 
inspection. A chrome-plated ring will have chromium on the cylinder contacting face of the 
ring, which is highly polished bright metal, and the body of the ring will be grey iron. The 
line of demarcation between these two metals can be clearly seen. 

** Until tappets become quiet. 

»•• Engine to produce a minimum of 110 BHP (corrected to standard conditions) during 
period 17. 

h. Corrections for Atmospheric Conditions. Engine out- 
put varies due to differences in barometric pressure, carburetor 
air temperature, humidity, and altitude. In order to evaluate 
the performance of an engine and compare it with the perform- 
ance of other similar engines, it is necessary to correct the ob- 
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served engine output to standard sea-level conditions of 29.92 
inches of mercury barometric pressure, 60° F. carburetor air tem- 
perature, and percent humidity. The dynamometer run-in 
schedule is so set up that no correction for atmospheric con- 
ditions is required except for the full throttle run. During this 
run, it is necessary to correct the engine output to standard con- 
ditions in order that a determination can be made of whether the 
engine meets minimum power requirements. A simplified set of 
correction charts and a sample calculation are shown in TB ORD 
215. 

c. Data. Pertinent data including time, speed, load, oil pres- 
sure and temperature, fuel pressure, and coolant temperature will 
be recorded during the test run. 

d. Hydramatic Transmission. Be sure that the transmission 
is in fourth gear during all dynamometer checking; it may be 
necessary to momentarily speed up the engine to 2,100 rpm with 
no load in order to insure transmission shift into fourth gear be- 
fore starting dynamometer run. Since a fluid coupling is used in 
the transmission, both engine and transmission speed must be 
measured and dynamometer speed used in computing brake horse- 
power. The transmission throttle linkage must be connected and 
adjusted. 

e. Oil Pressure. The hot oil pressure at 400 rpm idling speed 
should not fall below 20 psi ; at 4,000 rpm, it should be between 30 
and 45 psi. Crankcase will be filled with 8 quarts of SAE 10 
engine oil. 

Caution: An electric oil gage connected to the oil pressure indi- 
cator on the rear of the engine "V" should not be used due to the 
possibility of faulty oil pressure indicator. If gage does not indi- 
cate oil pressure within 30 seconds, shut down engine and deter- 
mine cause. 

/. Oil Consumption. Check oil consumption during periods 
15, 16, and 17. Oil consumption should not excee^d a total of 1 pint 
for the three periods. Excessive oil consumption may indicate 
serious trouble, such as loose bearings, leaky internal oil lines, 
scored piston, or it may be only due to piston rings not being fully 
"worn-in" or seated. Before rejecting an engine due to high oil 
consumption, it is advisable to run the engine for a longer period. 
If oil consumption is due to piston rings not being fully seated, a 
longer run will usually cause oil consumption to be reduced while 
most other conditions will cause it to increase. 

g. Engine Noise. Personnel should be constantly on the alert 
for any unusual noises which might indicate incorrect operation 
of any of the various units. 
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h. Leakage Inspection. While the engine is being run on the 
test stand, watch for any signs of gasoline, oil, or water leakage, 
either from the engine itself or from the connections on the engine 
test stand. As soon as any leakage is discovered, the engine will be 
stopped and the cause of the leakage determined and corrected at 
once. 

Caution: Do not operate the engine after leakage has been 
noted, due to danger of fire in the case of fuel leakage and damage 
to the engine in the case of oil or water leakage. 

i. Minimum Power Requirements. Compute observed brake 
horsepower for full throttle run and correct to standard conditions. 

Note. When computing horsepower on engine, be sure to use dynamometer 
speed and not crankshaft speed. 

Reject any engine which does not develop minimum horsepower 
specified in run-in schedule. Allowance must be made for any dif- 
ference in accessories on the rebuilt engine being tested and that 
upon which the manufacturer's rating is based. 

j. Compression Pressure. The compression pressure of the 
engine should be checked at cranking speed and at 1,000 rpm, 
using a standard cylinder compression gage. The compression 
pressure at cranking speed should be 100 psi; at 1,000 rpm, it 
should be 175 psi. If the compression pressure falls below 90 psi 
at cranking speed, or 160 psi at 1,000 rpm, check to see that the 
valves are seating properly, are not sticking, and have specified 
clearance at the stems. 

16.2. Removal of Transmission-Oil-Cooler Drain Plug for 

Shipment 

Engines prepared for shipment will have the transmission-oil- 
cooler water drain plug removed and wired to the transmission 
water pipe. This will permit any water reaching the transmission 
oil cooler to drain immediately, even though the engine is tilted 
after it has been crated and in transit. 

Section VI. SERVICEABILITY STANDARDS 

16.3. General 

(Added) 

The serviceability standards included herein give the minimum, 
maximum, and key clearances of new or rebuilt parts as well as 
wear limits which indicate that point to which a part or parts 
may be worn before replacement, in order to receive maximum 
service with minimum replacement. Normally, all parts which 
have not been worn beyond the dimensions shown in the "Wear 
limits" column or damaged from corrosion will be approved for 
service. An asterisk (*) in the "Wear limits" column indicates 
that the part or parts should be replaced when worn beyond the 
limits given in the "Sizes and fits of new parts" column. 



14 



RESTRICTED 



Aoo seses 



RESTRICTED 



16.4. Engine Block and Heads 

(Added) (par. 7) 



a. Face of Cylinder Heads. 



Fig. 






Sizes and jits 


Wear 


No. 


Eef. letter 


Point of measurement . 


of new parts 


limits 


69.1 


D 


Maximum allowable 


0.010 in 


(*) 




"warpage" in entire 








length. 










Note. Do not surface trrind 










to correct warpage. 










Permissible amount of 


0.002 in 


(*) 






channeling. 







h. Face of Engine Block. 



Fig. 






Sizes and fits 


Wear 


No. 


Ref . letter 


Point of measurement 


of new parts 


limits 



D_ 



Maximum allowable 
"warpage" in entire 
length. 

Note. Test blocks for 
cracks with hot (110° F.) 
water backed with 76 psi 
minimum air pressure. 



0.010- 



(*) 



c. Cylinders. 



Fig. 






Sizes and fits 


Wear 


No. 


Kef. letter 


Point of measurement 


of new parts 


limits 


69.1 


B 


Nominal bore diameter 


3.5000 to 3.5020 in__ 


3.5140 in 






standard size. 




** 3.5080 in 






0.020 in oversize 


3.5200 to 3.5220 in__ 


3.5340 in 










** 3.5280 in 






0.040 in oversize 


3.5400 to 3.5420 in__ 


3.5540 in 










** 3.5480 in 


69.1 


B 


Out of round 


0.0005 in _ 


0.0055 in 








** 0.0025 in 


69.1 


a-b 


Taper 


0.0007 in 


0.0127 in 




Note. When cylinders can- 




** 0.0067 in 






not be restored to service- 










ability by reboring within the 










above limits, cylinder liners 










will be furnished or authorized 










for procurement, or special 










requisitions approved by Chief 










of Ordnance, Washington 25, 










D.C. 







** For complete engine rebuild only. 
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Fig. 
No. 


I Sizes and fits 
Ref . letter | Point of measurement of new parts 


Wear 
limits 






Cylinder liner press fit 
in block (interfer- 
ence) : 

(1) Steel liner 

(2) Cast iron liner. 

Note. The face of the liner 
is always flush with the face 
of the block. 


0.002 in 
0.003 in 




d. Camshaft Bushings. 


Fig. 
No. 


1 , Sizes and fits j Wear 
Ref . letter ■ Point of measurement of new parts j limits 


69.2 
69.2 
69.2 
69.2 

69.2 

69.2 

69.2 


c 

G 
J- 

C-G-J 
C-G-J 
A 

C-G-J 


Bushings : 

(1) Bushing 

(2) Bushing _ _ 

(3) Bushing . 
Camshaft journal-and- 

bushing clearance. 
Interference of bushing 
OD with ID of case. 
Camshaft end play (in- 
stalled). 
Bushing run out 


2.4093 to 2.4104 in . 
2.4093 to 2.4104 in 
2.0031 to 2.0042 in _ 
0.0015 to 0.0033 in 

0.0037 to 0.004 in .__ 

0.008 in - 

0.0025 in 


2.4134 in 
2.4134 in 
2.0072 in 
0.0083 in 
** 0.0063 in 
(*) 

0.018 in 
* 0.013 in 
(*) 


e. Valve Seats (Intake and Exhaust) . 


Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 


69.3 
69.3 
69.3 


A 

E 

F 


Width of valve seat 

Angle of seat 
Anefle of relief 


0.075- 

45° 

15° 


(*) 






/. Valve Guides. 


Fig. 
No. 


j 1 Sizes and fits 
Ref. letter Point of measurement 1 of new parts 


Wear 
limits 


69.3 
69.3 

69.3 
69.3 


H-J___ 
K. 

H-J___ 


(1) Intake- 
guide-bushing bore. 

Interference of guide 
bushing OD with ID 
of bore. 

(2) Exhaust- 
guide-bushing bore. 

Interference of guide 
bushing OD with ID 
of bore. 


0.3437 to 0.3447 in__ 
0.0010 to 0.0015 in.. 

0.3437 to 0.3447 in_. 
0.0010 to 0.0015 in_. 


0.3477 in 

0.3497 in 
** 0.3472 in 



** For complete engine rebuild only. 
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g. Valves. 



Kef. letter 



Point of measurement 



Sizes and fits 
of new parts 



D 

G 

G-K. 

B 

L___ 

C 

M__. 



D 

G 

G-K 

B_-_ 

L___ 

C— 
M 



(1) Intake: 

Angle of face 

Stem diameter 

Stem - to - guide clear- 
ance. 

Thickness from top of 
head to the edge of 
refaced outer circle 
(min) . 
Distance from bottom 
of valve stem to heel 
of camshaft lobe. 

Valve-head diameter 

Valve-stem length 

Valve lift 

Seat eccentricity 

(2) Exhaust: 

Angle of face---- . 

Stem diameter 

Stem to guide clear- 
ance. 

Thickness from top of 
head to the edge of 
refaced outer circle 
(min). 
Distance from bottom 
of valve stem to heel 
of camshaft. 

Valve-head diameter 

Valve-stem length 

Valve lift 

Seat eccentricity 



45° 

0.3415 to 0.3425 in_ 
0.0012 to 0.0032 in_ 

%2 in 



2.9990 to 3.010 in 



1.626 to 1.636 in 

5.5156 in max 

0.335 in max 

0.002 in max 

45° 

0.3405 to 0.3415 in 
0.0022 to 0.0042 in 

1/32 in 



2.990 to 3.010 in- 



1.626 to 1.636 in 

5.5156 in 

0.345 in 

0.002 in 



h. Valve Springs. 



Fig. 
No. 


Rcf . letter 


Point of measurement 


Sizes and iits 
of new parts 


Wear 
limits 


69.1 

69.1 
69.1 


c 


Scale reading at 1^%* in 

(min working height — 

valve closed). 
Scale reading at 13%4 in 

(max working height 

— valve open). 
Free length 


60 to 67 lb 


50 to 77 
lb 

130 to 
1601b 

(*) 


c 


140 to 150 lb 


c 


2.210 in 
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i. Valve Lifter (par. 11). 



Fig. 






Sizes and fits 


Wear 


No. 


Kef. letter 


Point of measurement 


of new parts 


limits 


69.4 


A 


Valve-lifter-guide bore 


0.7198 to 0.7201 in,. 


0.7241 in 


69.4 


A-B 


Valve-lifter body and 


0.0015 to 0.0028 in__ 


0.0088 in 






guide-bore clearance. 






69.4 


B 


Valve-lifter body_ 


0.7173 to 0.7182 in_- 


0.7222 in 






Valve-lifter-body bore — 


u.oy4o to u.oybo in 




69.4 


C-D 


Valve-lifter cylinder-and- 


0.0025 to 0.0055 in— 


(*) 






body-bore clearance. 






69.4 


D 


Valve-lifter cylinder 


0.5910 to 0.5920 in— 


(*) 


69.4 


E-F 


Valve-lifter plunger-and- 


0.0002 


(♦) 






cylinder-bore clearance. 







16.5. Pistons and Connecting Rod Assemblies 

(Added) (par. 8) 

a. Pistons. 



Fig. 
No. 



Kef. letter 



Point of measurement 



Sizes and fits 
of new parts 



Wear 
limits 



69.5 



69.5 
69.5 
69.5 
69.5 

69.5 



69.5 
69.5 



69.5 



A- 
B_ 
C- 
H- 



H-P- 
D-S_ 



D-S-_. 



Nominal diameter: 

Standard size 

0.020-in oversize 

0.040-in oversize 

Note. Desired diameter is 
the larger of new part sizes. 
Width of ring groove: 
Groove No. 1 (top)_ 

Groove No. 2 

Groove No. 3 

Piston-pin-bore diameter 

in piston. 
Piston-pin diameter: 

Standard size 

0.005-in oversize 

Piston pin-and-piston- 

bore clearance. 
P i s t o n-to-cylinder-bore 
clearance. 

Note. Measure piston with 
micrometer next to vertical 
slot and just under horizontal 
slot. Pistons are oval shape. 
Cam regrinding is not recom- 
mended. 

Piston selective fit with 
% -in- wide feeler (6-to 
8-lb scale) clearance. 



3.4966 to 3.4986 in.. 
3.5166 to 3.5186 in_. 
3.5366 to 3.5386 in_. 



0.0810 in-_ 


(*) 


0.0810 in__ 


(*) 


0.1886 in— 


(*) 


0.8745 in— 




0.8745 in__ 




0.8795 in— 





0.00005 to 0.0001 in. 



0.0032 to 0.0036 in_- 



0.002 to 0.003 in 



3.4936 in 
3.5136 in 
3.5336 in 



0.0011 in 
** 0.0006 in 



For complete engine rebuild only. 
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Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 


69.5 


J)_S 


clearance with % -in- 
wide feeler to run fnll 
length of cylinder with 
a pull of 6 to 8 lb. 


t\ f\f\R iw 






b. Rings. 


Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 


69.5 
69.5 
69.5 


E 


Gap clearance (when 
fitted in cylinder). 

Ring-to-groove of piston 
clearance : 
Groove No. 1_ 


0.007 to 0.023 in 

0.0022 to 0.0035 in_ 
0.0022 to a0035 in__ 
0.0013 to 0.0026 in__ 


(*) 

(*) 
(*) 
(*) 


F 


Groove No. 2 


G 


Groove No. 3 




Not«. Rings are discarded 
whenever removed. 



c. Connecting Rods. 



Fig. 






Sizes and fits 


Wear 


No. 


Ref. letter 


Point of measurement 


of new parts 


limits 


69.1 


E 


"Warpage" of machined 


0.002 _ 


(*) 




parting surfaces 








(max) . 






69.5 


M 


ID of large (crankshaft) 


2.5845 to 2.5850 in__ 


2.5870 in 






end. 






69.5 


L 


ID liner, of large (crank- 


2.4600 to 2.4610 in__ 


2.4630 in 






shaft) end when in- 










stalled. 






69.2 


U 


Out of round (max hori- 


0.0005 in_ 


0.0025 in 




zontal). 




69.5 


K-L 


Connecting-rod bearing- 


0.0015 to 0.0025 in-_ 


0.0055 in 






crankshaft clearance. 




** 0.0040 in 


69.2 


R 


Connecting-rod bearing- 


0.008 to 0.014 in 


0.026 in 






to-crankshaft side 










clearance. 







** For complete engine rebuild only. 
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Sizes and fits 


Wear 


No. 


Ref. letter 


Point of measurement 


of new parts 


limits 



Q- 

N- 



Q-R- 
N-P- 



Thickness of connecting- 
rod bearing (standard- 
max). 

(0.010-in undersize 

— max) . 
(0.020-in undersize 

— max) . 
(0.030-in undersize 
— max) . 
ID of small (piston) end_ 
ID of bushing (small 
end) . 

OD of bushing-to-ID of 
rod. interference. 

Piston pin-to-connecting- 
rod bushing clearance. 

Twist of rod (max) 

Rod balance (max) 

Weight of rod less bear- 
ing shells. 



0.06225 in 

0.06725 in 

0.07225 in 

0.07725 in 

0.9295 to 0.9305 in„ 
0.8747 to 0.8750 in- 
Bushing expanded 
tight with burn- 
ishing tool. 
0.0002 to 0.0008 in-. 

0.002 in 

Me in— oz 

2.218 to 2.224 lb 



16.6. Crankshaft and Flywheel Assembly, and Camshaft 

(Added) (par. 9) 

a. Crankshaft. 



Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 


69.2 


N-S-X. 


Main - bearing - journal 
diameter : 
Standard 


2.4990 to 2.4995 in__ 


2.4960 in 


69.2 


F 


0.010-in undersize 

0.020-in undersize 

0.030-in undersize 

Center - main - bearing- 
journal added width on 
0.020-in and 0.030-in 
undersize crankshafts. 

Center - main - journal 
allowable runout when 
supported at each end. 

Note. Straighten if in ex- 
cess of specified limit. 


2.4890 to 2.4895 in__ 
2.4790 to 2.4795 in_. 
2.4690 to 2.4695 in._ 
0.010 in 


** 2.4975 in 
2.4860 

** 2.4875 in 
2.4760 in 

** 2.4775 in 
2.4660 in 

** 2.4675 in 


69.2 


T 


0.0025 in_ 


0.004 in 



















•* For complete engine rebuild only. 
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Ref . letter 



Point of measurement 



Sizes and fits 
of new parts 



Wear 
limits 



N-S-X. 

Q-R 

M 

M 

AA— - 



Connecting - rod - journal 
diameter: 

Standard size 

0.010-in undersize 

0.020-in undersize 

0.030-in undersize 

Main and rod-journal al- 
lowable out of round. 

Main and rod-journal fil- 
let radius. 

Flywheel-mounting - face 
runout. 

Flywheel-face, mounted 
on crankshaft, runout. 

Generator-drive - pulley 
runout. 

Crankshaft - with - fly- 
wheel balance (max). 

Note. Balance crankshaft 
and flywheel assembly by drill- 
ing between flywheel-mount- 
ing-ecrew holes to remove 
weight at the back of fly- 
wheel. Holes to be ^ inch in 
diameter and Vit inch maxi- 
mum depth, one hole between 
each two tapped holes- 
Crankshaft end play 

(bearings installed). 



2.4590 to 2.4595 in 
2.4490 to 2.4495 in 
2.4390 to 2.4395 in 
2.4290 to 2.4295 in 

0.00025 in 

0.084 to 0.104 in 

0.002 in 

0.003 in 

0.010 in 

^ in-oz 



0.001 to 0.005 in_ 



2.4560 in 
** 2.4575 in 

2.4460 in 
** 2.4475 in 

2.4360 in 
** 2.4375 in 

2.4260 in 
** 2.4275 in 

0.00325 in 
** 0.00175 in 
(*) 

0.004 in 
0.009 in 
0.020 in 

(*) 



0.015 in 



** For complete ensrine rebuild only. 



6. Flywheel and Ring Gear. 



Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and flte 
of new parts 


Wear 
limits 


69.2 


L 


Ring-gear runout _ _ _ 




0.006 in 
(*) 

0.003 in 




Flywheel balance 
(max). 

Flywheel machined sur- 
face for flywheel cover 
wobble (measuring 
from bell housing). 


% in-oz 
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Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 






Housing-face runout (as- 
sembly of engine) (in- 
dicator mounted o n 
flywheel). 

Flywheel-to-housing bore 
concentricity (assem- 
bly of engine) (indi- 
cator mounted on fly- 
wheel). 




0.003 in 
0.008 in 




c. Camshaft. 


Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 


69.2 
69.2 
69.2 

69.2 
69.2 


B-H— 
K 


Journal diameters: 

No. 1 and 2 journals- 

No. 3 journal 


2.4071 to 2.4078 in_- 
2.0009 to 2.0016 in_- 
0.0025 in _ _ _ 


2.4021 in 
** 2.4051 in 

1.9959 in 
♦* 1.9989 in 

0.004 in 

0.050 in 
(*) 


H 


Center-journal allowable 
run-out when end jour- 
nals supported. 

Note. Straighten if in ex- 
cess of specified limit. 

Lobe wear from heel to 
toe. 

Cam-base-circle allowa- 
ble run-out. 


D 




E 


0.001 in _ _ 





** For complete engine rebuild only. 



16.7. Timing Chain 

(Added) (par. 10) 



Fisr. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 

limits 


69.2 
69.2 


z 


Chain alack at center 
line. 

Chain length with rivet 
removed (1 in elonga- 
tion in 30 in from com- 
pression to tension) . 

Note. Do not remOT* linlc 
to shorten chain. 


% to % in 


(*) 
(*) 


z 


23 in 
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1 6.8. Distributor Support 

(Added) (par. 12) 



Fig. 






Sizes and fits 


Wear 


No. 


Bef. letter 


Point of measurement 


of new parts 


limits 






Distributor - drive-idler- 


0.755 to 0.756 in 


(*) 






gear ID. 










Distributor - drive-idler- 


0.0015 to 0.0035 in__ 


(*) 






gear backlash. 










Distributor - drive-idler- 


0.7540 to 0.7545 in__ 


(*) 






gear-support ID. 







1 6.9. Oil Pump and Relief Valve 

(Added) (par. 13) 

a. Oil Pump. 



Fig. 
No. 


Ref . letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 






Output of pump at 1,000 
rpm at 30 psi with oil 
viscosity of 46 seconds. 
Note. Oil pumps are 
checked and rebuilt only when 
they fail to deliver specific 
oil pressure and then all parts 
are rebuilt to new specifica- 
tions. 

Gear-and-end plate end 
play. 

Body ID (drive end) 

Drive-shaft diameter 

Driven-shaft diameter — 
Gear-to-pump body clear- 
ance. 

Backlash 


2.5 gpm (aprx) 

0.001 to 0.004 in 

1.499 to 1.500 in 

0.4979 to 0.4984 in__ 
0.4979 to 0.4984 in__ 
0.003 to 0.005 in 

0.008 to 0.12 in 


(*) 

(*) 

(*) 
(*) 
(*) 
(*) 

(*) 
(*) 






Pump body - and - drive 
shaft clearance. 


0.001 to 0.0025 in___ 


6. 


Oil Pressure Regulator. 






Fig. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 






Scale reading at 1^%2 in 
(when practicable) . 

Free length of spring 

Valve-to-body clearance. 


5% to 6% lb 

22%2 in — 
0.0020 to 0.0035 in__ 


(*) 

(*) 
(*) 
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1 6. 1 0. Moin Bearing Bores, Caps, and Bearings 

(Added) 



Fig. 
No. 



Ref . letter 



Point of measurement 



Sizes and fits 
of new parts 



Wear 
limits 



69.2 



69.2 



69.2 



69.2 
69.2 
69.2 



69.2 



P-T-W 



P-T-W 



P-T-W 



P-T-W 
P-T-W 



F_ 



"Warpage" of machined 
parting surfaces 
(max). 

Main-bearing ID when 
installed with proper 
torque tightness: 

Horizontal 

Vertical 

Bearing-bore ID (less in- 
sert) at proper torque 
tightness. 

Amount of bearing crush 
when firmly seated in 
2.750-in diam gage 
with 2,120 lb on one 
side and opposite side 
against stop. 

Main bearing-to-crank- 
shaft clearance. 

Crankshaft end play in 
bearings (installed). 

Main-bearing-liner thick- 
ness: 

Standard 

0.010-in oversize 

0.020-in oversize 

0.030-in oversize 

Main - center - bearing 
overall-width at thrust 
surface. 

Standard and 0.010- 
in oversize. 
0.020- and 0.030-in 
oversize. 



0.002 in_ 



(*) 



2.5013 to 2.5025 in_ 
2.5003 to 2.5015 in_ 
2.7493 to 2.7500 in_ 



0.0000 to 0.0015 in- 



(*) 
(*) 
2.7520 in 



(*) 



0.0015 to 0.0025 in_. 



0.001 to 0.005 in_ 



0.1242 to 0.1245 in- 
0.1292 to 0.1295 in. 
0.1342 to 0.1345 in, 
0.1392 to 0.1395 in_ 



1.372 to 1.374 in- 
1.382 to 1.384 in_- 



0.0055 in 
** 0.0040 in 
0.015 in 



(*) 
(*) 



*♦ For complete engine rebuild only. 



17. Torque Wrench Specifications 

a. Clearances. (Rescinded) 



23. Water Pump 

* * 
c. Assembly. 
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(2) SG series. 

^ ^ :|: 4: H< 4f 

(c) Install impeller and shaft. Press impeller on pump 
shaft, with vanes toward pulley end, so that a clearance 
of 0.030 to 0.062 inch (fig, 84.1) exists between the im- 
peller and pump. This applies to the old- and new-type 
impellers, the new type being heavier than the old. 
Install shaft in * * * bearing snap ring. 

« « 4: « 4: 4s « 




OLD TYPE RA PD 349497 NEW TYPE 

Figure 8i.l (Added) Installation of water-pump impeller on series SG 

engines. 
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CHAPTER 3 

Section III. SERVICEABILITY STANDARDS 

(Superseded) 



24. Fan 



Fisr. 
No. 


Ref. letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
limits 






Shaft diameter _ 
Bearing bore in support. 
Pulley runout _ 


0.9842 to 0.9846 in__ 
2.0471 to 2.0479 in_- 
0.010 in 


(*) 
(*) 
0.015 in 


•An asterisk (•) in the "Wear limits" column indicates that the part or parta should he 
replaced when worn heyond the limits sriven in the "Sizes and fits of new parts" column. 

24.1. Water Pump 


Fig. 
No. 


Ref letter 


Point of measurement 


Sizes and fits 
of new parts 


Wear 
Ibnits 


84.2 

84.2 

84.2 
84.2 
84.2 

84.2 

84.2 


B 
A 

B 
E 
D 

C 

C 


Shaft diameter 

Shaft - to - inner bearing 

clearance. 
Inner-bearing ID 
Shaft end play 
Impeller-and-pump body 

clearance. 
Packing - spring scale 

reading at % in. 
Packing - spring free 

length. 


0.4975 to 0.4980 in__ 
0.001 to 0.0025 in 

0.499 to 0.500 in 

0.002 to 0.010 in 

0.030 to 0.062 in 

2% to 3 lb - 

IV4. in 


0.4955 in 

(*) 

(*) 
0.015 in 
(*) 

(*) 

(*) 







* An asterisk (*) in the "Wear limits" column indicates that the part or parta should be 
replaced when worn beyond the limits sriven in the "Sizes and fits of new parts" column. 
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Figure 8^.2 Water pump — cross section. 



32 



RESTRICTED 



AGO 3636B 



RESTRICTED 
CHAPTER 5 



PARTS, SPECIAL TOOLS, AND EQUIPMENT 
FOR FIELD AND DEPOT MAINTENANCE 

(Superseded) 

31. General 

Tools and equipment and maintenance parts over and above 
those available to the using organization are supplied to ordnance 
field maintenance units and depots for maintaining, repairing, and/ 
or rebuilding the materiel. 

32. Parts 

Maintenance parts are listed in Department of the Army Supply 
Catalogs ORD 8 SNL G-200 (light tank M24 and twin 40-mm gun 
motor carriage M19), SNL G-236 (155-mm hovi^itzer motor car- 
riage M41), SNL G-238 (105-mm howitzer motor carriage M37), 
and SNL G-248 (twin 40-mm gun motor carriage M19A1), which 
are the authorities for requisitioning replacements. Parts not listed 
in an ORD 8 catalog, but required by depot shops in rebuild opera- 
tions, may be requisitioned from the listing in the corresponding 
ORD 9 catalog and will be supplied if available. 

33. Common Tools and Equipment 

Standard and commonly used tools and equipment having gen- 
eral application to this materiel are authorized for issue by T/A 
and T/O&E. 

34. Special Tools and Equipment 

The special tools and equipment tabulated in table II are listed 
in Department of the Army Supply Catalog ORD 6 SNL G-27, 
Section 1. The tabulation contains only those special tools and 
equipment necessary to perform the operations described in this 
manual, is included for information only, and is not to be used as a 
basis for requisitions. 
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Table 11. Special Tools and Equipment for Field and Depot Maintenance 







References 




Item 


Identifrmtr 






Use 


Number 










Fig 


P»r 






4X— i>— 1000— aUU_ 


97 


6, 


iuiJ.\iLiig tfransmiaoxvn. 


sion lifting. 






16 




OUMlrKiiii>oUK, rear 


41-C— 2554 





15 


Compressing r e a r- 


main br^ oil S6al. 








main - bearing oil 










seal. 


DlciViiiK, vaive stem 


41— D-2993 


35, 


7 


Removing and replac- 


guide, removing" and 




36, 




ing valve - stem 


replacing. 




37, 




guide. 






97 






ix A (j- iij, valve stem 


41— It— 504 


64, 


15 


To check distance be- 


iengtn. 




97 




tween heel of cam- 










shaft lobe and bot- 










tom of valve stem. 


Lie I Citl, valve, re- 


41— L— 1425 


25, 


6, 


Removing and replac- 


mover and replacer. 




65, 


15 


ing valves and valve 






97 




components. 


r^lLiU I, camsnatt, 


41— r-402— 100 — 


60, 


15 


Replacing camshaft 


sprocket installing^. 




97 




sprocket. 


itHiiviu V J!iX^ ana 1\mu~ 


41— xC— lo— bUU- 


38, 


7 


Removing and replac- 


PLACER, hrg, cam- 




97 




ing camshaft bear- 


shaft. 








ings. 


SLING, engine lifting. 


41-S-3831-300_ 


69, 




Lifting engine. 






97 






WRENCH, connecting 


41-W-2598-500. 


32, 


15 


Removing and replac- 


rod nut. 




58, 




ing connecting - rod 






97 




screws. 
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REFERENCES 

(Rescinded) 

APPENDIX 
REFERENCES 

(Added) 

1. Publication Indexes 

The following publication indexes and lists of current issue 
should be consulted frequently for latest changes or revisions of 
references given in tfiis appendix and for new publications relating 
to materiel covered in this manual : 

Index of Administrative Publications SR 310-20-5 

Index of Army Motion Pictures and Film SR 110-1-1 
Strips. 

Index of Army Training Publications SR 310-20-3 

Index of Blank Forms and Army Personnel SR 310-20-6 

Classification Tests. 
Index of Technical Manuals, Technical Regu- SR 310-20-4 
lations, Technical Bulletins, Supply Bul- 
letins, Lubrication Orders, Modification 
Work Orders, Tables of Organization and 
Equipment, Reduction Tables, Tables of 
Allowances, Tables of Organization, Tables 
of Equipment, and Tables of Basic Allow- 
ances. 

Introduction and Index (supply catalogs) ORD 1 

Military Training Aids FM 21-8 

Ordnance Major Items and Combinations and Per- SB 9-1 
tinent Publications. 



2. Supply Catalogs 

The following catalogs of the Department of the Army Supply 
Catalog pertain to this materiel : 

a. Repair, Overhaul, and Rebuild. 

Antifriction Bearings and Related Items ORD 5 SNL H-12 
Cleaners, Preservatives, Lubricants, Re- ORD 3 SNL K-1 

coil Fluids, Special Oils, and Related 

Maintenance Materials. 
Electrical Fittings ORD 5 SNL H-4 
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Items of Soldering, Metallizing, Brazing ORD 3 SNL K-2 
and Welding Materials : Gases and Re- 
lated Items. 

Luricating Equipment, Accessories ORD (*) SNL K-3 

and Related Dispensers. 
Major Items and Major Combinations of ORD 3 SNL G-1 

Group G. 

Miscellaneous Hardware ORD 5 SNL H-2 

Oil Seals ORD 5 SNL H-13 

Ordnance Maintenance Sets ORD 6 SNL N-21 

Pipe and Hose Fittings ORD 5 SNL H-6 

Standard Hardware ORD 5 SNL H-1 

Tool Sets (Special), Motor Ve- ORD 6 SNL G-27, Sec. 1 
hides. 

Tool Sets (Common), Special- ORD 6 SNL G-27, Sec. 2 
ists' and Organizational. 

b. Vehicle. 

Carriage, Motor, 105-mm Howitzer, ORD (*) SNL G-238 
M37 (T76). 

Carriage, Motor, 155-mm Howitzer, ORD (*) SNL G-236 
M41. 

Tank, Light, M24 ; Carriage, Motor, ORD (*) SNL G-200 
Twin 40-mm Gun, M19A1. 

3. Forms 

The following forms are applicable to this materiel : 

DA AGO Form 9-71, Locator and Inventory Control Card 

DA AGO Form 9-72, Ordnance Stock Record Card 

DA AGO Form 9-76, Request for Work Order 

DA AGO Form 9-77, Job Order Register 

DA AGO Form 9-78, Job Order 

DA AGO Form 9-79, Parts Requisition 

DA AGO Form 9-80, Job Order File 

DA AGO Form 9-81, Exchange Part or Unit Identification 
Tag 

DA AGO Form 461-5, Limited Technical Inspection 

DA AGO Form 468, Unsatisfactory Equipment Report 

DA AGO Form 614, Accident-Identification Card 

DA AGO Form 865, Work Order 

DA AGO Form 866, Consolidation of Parts 

DA AGO; Form 867, Status of Modification Work Order 

DD Form 6, Report of Damaged or Improper Shipment 

* See ORD 1, Introduction and Index, for published catalogs of the ordnance section of the 
Department of the Army Supply Catalog. 
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4. Other Publications 

The following explanatory publications contain information per- 
tinent to this materiel and associated equipment: 

a. General. 

Conservation of Oil SB 9-19 

Cooling Systems : Vehicles and Powered Ground TM 9-2858 
Equipment. 

General Safety Manual TM 20-350 

Inspection of Ordnance Materiel TM 9-1100 

Military Vehicles TM 9-2800 

Motor Vehicles AR 700-105 

Ordnance Field Maintenance FM 9-10 

Ordnance Service in the Field FM 9-5 

Precautions in Handling Gasoline ^ AR 850-20 

Principles of Automotive Vehicles ^_ TM 9-2700 

h. Operation, 

105-mm Howitzer Motor Carriage M37 TM 9-717 

155-mm Howitzer Motor Carriage M41 TM 9-744 

Light Tank T24 (M24) TM 9-729 

Twin 40-mm Gun Motor Carriage M19 TM 9-757 

c. Repair, Overhaul, and Rebuild. 

Maintenance Responsibilities and Shop Operation AR 750-5 
Cleaning, Preserving, Sealing, and Related Ma- TM 9-850 

terials Issued for Ordnance Materiel. 

Hand, Measuring, and Power Tools = TM 10-590 

Instruction Guide: Care and Maintenance of TM 37-265 

Ball and Roller Bearings. 
Light Tank M24 and 155-mm Howitzer Motor TM 9-1729C 

Carriage M41: Tracks, Suspension, Hull, 

and Turret. 

Light Tank M24 and Twin 40-mm Gun Motor TM 9-1729B 
Carriage M19: Transmission, Transfer 
Unit, Propeller Shafts, Controlled Differ- 
ential and Final Drives. 

Lubrication TM 9-2835 

Maintenance and Care of Hand Tools TM 9-867 

Modification of Ordnance Materiel SB 9-38 

Motor Vehicle Inspection and Preventive TM 37-2810 

Maintenance Services. 
Ordnance Maintenance: Carburetors (Car- TM 9-1826A 
ter) . 

Ordnance Maintenance: Electrical Equip- TM 9-1825A 
ment (Delco-Remy) . 



Ordnance Maintenance: Fuel Pumps TM 9-1828A 

Ordnance Maintenance: Vehicular Mainten- TM 9-1834A 

ance Equipment : Grinding, Boring, Valve 

Reseating Machines and Lathes. 

Painting Instructions for Field Use TM 9-2851 

Preventive Maintenance of Electric Motors TM 55-405 

and Generators. 
Supplies and Equipment — General — Unsatis- SR 700-45-5 

factory Equipment Report. 
d. Shipment. 

Army Marking Directive TM 38-414 

Army Shipping Document TM 38-705 

Instruction Guide: Ordnance Packaging and TM 9-2854 

Shipping (Posts, Camps, and Stations) . 
Ordnance Storage and Shipment Chart— TB 9-OSSC-G 

Group G. 

Preparation of Unboxed Ordnance Materiel for SB 9-4 
Shipment. 

Protection of Ordnance General Supplies in TB ORD 379 
Open Storage. 

Shipment of Supplies and Equipment: Re- SR 745-45-5 

port of Damaged or Improper Shipment. 
Standards for Overseas Shipment and Do- TB ORD 385 

mestic Issue of Ordnance Materiel Other 

Than Ammunition and Army Aircraft. 

[AG 300.7 (28 Feb 51)] 
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